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Storage (G;) Measure of energy that is temporarily stored during 
one cycle of sinusoidal deformation but it can be 
recovered afterwards 
Shear strain A change of shape of volume or both 
Shear Stress A force per unit area (Pa) 
Time scale How fast the stress or deformation is applied 
Visco-elastic Material that simultaneously exhibits some of the 
elastic properties of an ideal solid and some of the 
flow properties of an ideal liquid 
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In this research project the feasibility of making common carp surimi and its gel 
characteristics compared to Alaska pollock and threadfin bream surimi was 
investigated. To the best of author’s knowledge the following are the original 
contribution made in this project: 
I. In this study the whitening effect of hydrogen peroxide (H2O2) and sodium Tri-
polyphosphate (STP) over a pH (7.0-11.5) range on the female common carp 
fillets was examined.  
II. The texture quality (fracture and non-facture tests) of surimi and kamaboko 
prepared from untreated and treated common carp was compared with 
Alaska pollock and threadfin bream surimi  
III. A discussion on the relative value of the temperature sweep parameters; 
storage modulus (GJ), loss modulus (GQ) and phase angle (G) for interpreting 
results. 
IV. This study evaluated the inner structure of surimi and kamaboko gel matrix 
with scanning electron microscope (SEM) and for the first time determined a 
correlation between the gel strength and number and area of polygonal 
structures (as an index of cross-linking of myofibrillar proteins) in the gel 
matrix. 
V. In this study a simple modification was carried out to both traditional and 
alkaline-aided method, and the effect of removing or retaining the 
sarcoplasmic proteins on the gel characteristics of the resultant surimi and 
kamaboko was evaluated. 
VI. This is the first study which reviewed the literatures on inhibitory and 
enhancive effect of sarcoplasmic proteins on the surimi gel characteristics. 
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VII. Finally this study investigated the effect of added sarcoplasmic proteins; at 
levels similar to those found invivo, on the gel quality of threadfin bream 
surimi and kamaboko. 
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This study was carried out to determine the characteristics of common carp surimi. 
In Australia, common carp (Cyprinus carpio) is an environmental pest, strongly 
coloured (dark-muscle fish), large (2-3 kg), low cost (AUD 2.5/kg) and not highly 
valued as it is every where else. Surimi could add value to carp, but the colour 
would have to be modified as surimi manufacturers prefer white coloured flesh. 
So, firstly the efficiency of a series of treatment solution on whitening of light fillets 
of common carp was examined. Hydrogen peroxide (H2O2; 1-3% v/v) was added 
to a sodium carbonate bath (pH 7.0-11.5) resulting in an actual pH range of 4.4 to 
10.1 and then the solution was injected into the carp fillets. After soaking and 
tumbling for 30 min at 4-10ºC, the fillets were evaluated for colour and water 
holding capacity (WHC). With increasing H2O2 levels (1-3%), fillets became lighter 
and IE increased significantly (p < 0.05), especially with a 3% H2O2 treatment 
solution at pH of 10.5 (actual pH was 8.2). The whiteness (L*-3b*) of surimi 
produced from treated (3% H2O2, pH 8.2) common carp light fillets was 
significantly (p < 0.05) greater than that of threadfin bream surimi and was not 
significantly different to that of Alaska pollock.  
WHC, an indicator of the textural quality, showed positive and negative correlation 
with the pH level and H2O2 concentration, respectively.   
A temperature sweep test carried out on surimi made from untreated and treated 
(3% H2O2 at pH 8.2 applied by injecting, soaking and tumbling for 30 min at 4-
10ºC) fillets of female common carp was compared with that of threadfin bream 
surimi. The results revealed nearly an identical pattern in the sol-gel transition 
graph which started at ca. 47ºC and was completed at ca. 73-74ºC. However, 
threadfin bream kamaboko showed better texture profile characteristics (hardness 
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and gel strength) than that of the other kamaboko tested. This difference in 
textural quality could be associated with the cross-linking in the gel network, since 
scanning electron microscopy (SEM) studies showed that threadfin kamaboko gel 
had a significantly (p < 0.05) greater number of polygonal structures/mm2 than 
kamaboko from treated and untreated common carp surimi.  
To improve the quality of common carp surimi and kamaboko, alternative methods 
were applied such as modified conventional method (MCM), alkaline-aided 
method (AAM) and pH modified method (PMM) and the resultant surimi and 
kamaboko were compared with those produced by the traditional method (TM). In 
MCM each washing cycle was followed by a centrifugation step for a more 
effective dewatering and removal of sarcoplasmic proteins (Sp-P). The pH was 
adjusted for only AAM and PMM such that for AAM, the pH was shifted into the 
alkaline region (11.5), followed by adjustment to 5.5 and then back to neutral pH 
(7.0). Only the last 2 pH shifts were used in PMM to minimize possible pH damage 
to the myofibrillar proteins as well as maximise removal of Sp-P.  
Temperature sweep test recorded that the initial aggregation of the myofibrillar 
proteins occurred at the same temperature (ca. 30ºC) for all surimi (TM, MCM, 
AAM and PMM) tested. Decrease in GJ occurred at ca. 40ºC and was completed at 
ca. 47ºC for TM, MCM and PMM surimi, but did not occur for AAM surimi. 
Kamaboko prepared from MCM was whiter and had significantly (p < 0.05) 
improved textural characteristics (hardness and gel strength) than that from TM, 
AAM and PMM. Furthermore, SEM of surimi and kamaboko showed higher 
number of polygonal structure/mm2 in the gel matrix of MCM kamaboko, as a 
result of more cross-linking of the myofibrillar proteins, than that recorded for TM, 
AAM and PMM samples tested.  
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Finally, this study examined the effect of adding common carp sarcoplasmic 
proteins (Sp-P) on the gel characteristics of threadfin bream surimi and kamaboko. 
Based on the temperature sweep test, the depths of the valley in GJ thermograph 
decreased as the concentration of added Sp-P increased from 5% to 35%. 
Storage modulus (GJ) of the gels showed greater elasticity in the samples with 
added Sp-P compared with the control samples without added Sp-P. Furthermore, 
the breaking force and breaking distance and consequently gel strength of the 
resultant kamaboko were improved, significantly (p < 0.05) with added Sp-P. Thus, 
added Sp-P did not interfere with the gelling of myofibrillar proteins during sol-gel 
transition phase and was associated with textural quality enhancement for the 
resultant kamaboko. However, the addition of freeze-dried Sp-P from the dark 
muscle of the carp decreased the whiteness of the resultant surimi. Furthermore, 
the gel strength could not be associated with either the number of polygonal 
structures/mm2 or the area of the polygonal structures. 
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CHAPTER 1 INTRODUCTION 
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This research project investigated the  use of  female common carp (Cyprinus 
carpio) fillets as a raw material for making surimi and the evaluation of the  textural 
characteristics of the product compared with surimi for the two main commercial 
fish species, Alaska pollock (Theragra chalcogramma) and threadfin bream 
(Nemipterus sp.). 
1.1 COMMON CARP 
 
The common carp is a member of the family Cyprinidae. Carp are extensively 
farmed in Europe, Asia, and the Middle East, and are a very popular angling fish in 
Europe, but in North America, Canada and Australia they are considered a pest 
(Fisheries Section of NSW Department of Primary Industries, 2006). 
Most common Carp have broad deep bodies and, compared with the more 
frequently-fished cultivated varieties of carp, true wild carp are more barbell-like in 
shape, with the long and lean-body of a hard fighting, fast moving fish. They lack 
the distinctive hump behind the head of the cultivated carp and rarely reach 35 kg 
in weight (Fisheries Section of NSW Department of Primary Industries, 2006). 
1.2 CARP IN AUSTRALIA 
 
According to Shearer and Mulley (1978) carp was introduced into Australian 
waters in 1960’s, but they stated that it is not clear whether it was common carp or 
goldfish (Carasius auratus). Another report from Fisheries of NSW Department of 
Primary Industries (2006), mentioned that “an ornamental strain was released near 
Sydney around 1850-60” and “A third hybrid strain was imported for aquaculture in 
Victoria in 1961.” Irrespective of the process by which common carp was 
introduced, common carp is now firmly established as part of Australia’s 
freshwater fauna, and its range is still expanding. A netting survey of Western 
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NSW rivers showed that carp represented the largest biomass of all fish species, 
and in some places up to 90% of the numbers of fish caught (Brawn, 2001). 
1.3 WHY CARP? 
 
The reason for choosing common carp for this project is because carp is common, 
little exploited, and has a reputation in Australia as a poor quality seafood source, 
therefore, a transformed product such as surimi has a better chance of acceptance 
in the market. Also carp is seen as a threat to both native fish species and to river 
ecosystems (Griffin-Warwicke, 2001). Government, the public and media believe 
that carp are “guilty” of eating and destroying water plants, spreading diseases 
and parasites, causing bank erosion, reducing the number of macro invertebrates, 
decreasing macrophyte, biomass and diversity, reducing the number and diversity 
of native fish, causing algal bloom, turbidity and siltation, undermining trees, 
creating poor recreational conditions, damaging irrigation infrastructure, and 
destroying rice crops (Griffin-Warwicke, 2001).  
Using current technology, it is virtually impossible to eradicate carp from large 
rivers or lakes. One possible control measure is fishing, but fishing on a large scale 
would need to be heavily subsidized, as the price (at about $ AUD 2.5/kg) and 
demand for carp are such that commercial fishing ventures would be unprofitable. 
A second approach to control of carp is use poisons; they are usually unsuitable 
for rivers. There is also the likelihood of killing desirable fish and food organisms 
such as shrimps and yabbies. A third method is biological control, which has 
received some publicity over the last few years. Methods proposed include genetic 
manipulation or introduction of a disease specific to carp, but the risk of mutation 
or transmission to estuarine or marine species is of concern (Brawn, 2001; Griffin-
Warwicke, 2001). 
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Even though carp is a potential rich source of easily digestible proteins, 
polyunsaturated fatty acids, vitamins, and minerals, in Australia, the species is 
regarded as a pest, and not a food (Brawn, 2001). Alternative commercial uses for 
carp could be as fish meal or utilization of flesh recovered by mechanical deboning 
for development of value-added products. Some of the various possibilities for 
adding-value to carp could be its use as a mince for preparation of surimi and 
surimi-based products, sausages, fermented products, protein concentrates and 
hydrolysates and extruded products (Venugoplal & Shahidi, 1995). There is an 
expanding market for surimi, especially in South-East Asia and the United States 
(Francis, 1999; Park, 2000). Furthermore, interest in surimi throughout the seafood 
and food industry is increasing due to the rapid growth in the popularity of surimi-
based products, especially crab analogues (Lanier & Lee, 1992). Thus, an 
investigation into the applicability of carp for surimi and surimi-based products is 
justified.  
1.4 WHAT IS THE PROBLEM WITH USING CARP FOR SURIMI? 
 
Carp is known to be bony and fatty with considerable dark muscle. All of these 
factors could reduce the quality of the resultant surimi. However, bones can be 
removed by using a deboner during filleting, and washing cycles can remove fat 
and blood. But even after removal of most of the colour pigments during the 
washing cycles, the colour of the resultant surimi following traditional processing is 
still slightly pink whereas the preferable colour in the surimi industry is white. 
Another problem is the texture characteristics of common carp surimi after heating. 
Wang et al. (2002) found that surimi from cultured common carp resulted in a 
kamaboko gel with lower gel-forming ability than that produced from silver carp 
and Alaska pollock. These problems demonstrate the need to identify suitable 
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processing conditions and alternative procedures to the traditional technique 
(modified conventional and alkaline-aided methods) for the production of surimi, so 
that retained protein and protein combinations improve the quality of carp-surimi to 
a level comparable to that of commercially-available surimi.              
1.5 THE OBJECTIVES OF THIS STUDY 
 
The initial phase of this research program involves the identification, evaluation 
and addressing of problems associated with using common carp for surimi 
manufacturing. The quality of the surimi produced commercially is highly variable, 
since there is no set standard that defines a universally acceptable surimi. In this 
project we include commercially-available surimi with the aim of quantifying their 
quality parameters, and to compare these to those of common carp surimi 
produced in the pilot plant. For this, we use surimi from Alaska pollock and 
threadfin bream as the controls. 
Later on, after identification of the key factors affecting common carp surimi 
quality, we are going to investigate the effect of modifications to processing 
procedures. For example, it is anticipated that the amount of dark muscle, a 
characteristic of common carp, would affect end-product quality, specifically surimi 
colour, texture, and yield. Thus the aims of this project are as follow: 
Firstly, this study will examine an approach to improve the colour of the surimi 
prepared from the female common carp fillet from an attractive pink colour to the 
market accepted white colour. To achieve this aim, an effective media such as 
hydrogen peroxide (H2O2) and sodium tri-polyphosphate (STP) at a range of pH 
levels from neutral to alkaline pH (7.0-11.5) region will be trialled. 
Secondly, the subject of the next phase of this study is the rheology and texture 
evaluation of the resultant common carp surimi and kamaboko. The purpose is to 
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gain an understanding of the effect of H2O2 on gelling quality as well as more 
depth insight into the structure of fish-protein gel during the various thermodynamic 
phases of surimi sol-gel transition; suwari (setting), modori (“broken” net structure), 
and kamaboko (slow ordering of protein network). The project also will examine 
the gel microstructure of surimi and kamaboko with a scanning electron 
microscope (SEM). 
In the next phase of this study, processing procedures used for surimi production 
will be examined. Specifically, processing steps in both the Traditional method 
(TM), and alkaline-aided method (AAM) will be tested. In addition, TM will be 
modified by using the centrifuge as an alternative device for dewatering instead of 
decanting and filtration used in the traditional method (TM). Also, the alkaline-
aided method (AAM), as a possible method for making surimi, will be simplified by 
skipping the 2nd centrifugation as well as omitting one of the pH-shifting steps. 
Common carp surimi and kamaboko prepared by all tested methods will be 
evaluated in terms of the quantity and distribution of proteins present, colour, 
texture and microstructure.  
The role of sarcoplasmic proteins on the final textural quality of surimi is under 
debate (Macfarlane et al., 1977; Morioka & Shimizu, 1990, 1992, 1993; Nazar et 
al., 1991; Ko & Hwang, 1995; Joo et al., 1999; Guillet et al., 2004). Furthermore, 
there are a limited number of reported studies (Kim et al., 2005, Park and Park, 
2007) on the effect of sarcoplasmic proteins on change in the rheological 
behaviour of surimi during thermal processing. Consequently, an important 
component of this project is the investigation of the effects of sarcoplasmic 
proteins on thermal gelation during processing (small scale deformation) and the 
resultant kamaboko textural (large scale deformation) and microstructural quality. 
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CHAPTER 2 LITERATURE REVIEW 
 
Submitted to the Journal of Trends in Food Science and Technology, 
U.S.A 
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2.1 WHAT IS SURIMI? 
 
According to the Wiley Encyclopaedia of Food Science and Technology, surimi is 
the “Japanese term for mechanically deboned fish mince that has been washed 
with water and mixed with cryoprotectants for a long frozen shelf life.” Traditionally, 
Japanese surimi was prepared from fresh fish and immediately processed into 
cooked products. Generally, the term kamaboko is used to refer to a wide range of 
processed (cooked) seafood products prepared from surimi.  
The surimi industry needs to have a reliable fish supply, otherwise it would not be 
able to maintain continuous (reliable) surimi production. For instance, the Alaska 
pollock surimi industry faced a recession period over 1987-1997 due to a shortage 
of fish from over fishing, resulting in stricter fisheries management. New species 
and new technologies have opened the way for new resources to be used as the 
raw material for surimi. Itoyori, known as threadfin bream (Nemipterus 
tambuloides), is an alternative fish in the Southeast Asia market for surimi with a 
popular demand in Japan. An example of a new approach is the improvement of 
the gel quality of surimi, derived from fish species such as Pacific whiting 
(Merluccius productus), by applying protease inhibitors (Haard, 1997) and using 
transglutaminase for enhancement of the gel strength of kamaboko (Seki et al., 
1990; Araki & Seki, 1993; Nowsad et al., 1995a). In addition, to recover more 
proteins during surimi manufacturing, an alternative and more efficient method, 
known as acid-alkaline solubilization method has been introduced which will be 
discussed later. 
2.2 THE SURIMI PROCESS 
A typical surimi process on a pilot plant scale is outline in Figure 2.1. Firstly, fish is 
headed, gutted, washed, and filleted. The fillet is next skinned and deboned by a  
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Figure  2-1 Material balance for the surimi manufacturing process. 
Mf-P, myofibrillar proteins; Sp-P, sarcoplasmic 
proteins (adapted from Lee, 1986) 
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belt-drum type meat separator. According to Toyoda et al. (1992) the diameter of 
the drum perforations ranged from 4 to 7 mm and is selected in accordance with 
the size and freshness of the fish.  
The next step in making surimi is the washing of the fish mince with cold water 
(10ºC) repeatedly [usually three washing cycles at the ratio of 1:4 (v/w) for ca. 5 
min at each cycle]. In the washing process, the number of washings, the volume of 
water and the washing time will vary with the fish species, the initial condition of 
the fish(freshness), the type of washing unit, the ratio of water to  meat weight, and 
the desired quality of surimi (Lee, 1994).   
According to Douglas-Schwarz and Lee (1988) “thermostability of fish protein” is a 
key factor for adjusting the washing water to a specific temperature which will vary 
according to the fish species. These authors reported that, for instance, in the case 
of Alaska pollock, a cold water fish, the optimum temperature of the washing water 
is 10ºC, whereas for red hake (Urophycis chuss, a temperate-water fish) it is 15ºC. 
Thus, it can be assumed that in the case of warm water fish species, washing with 
higher temperature water can be applied without damaging the protein 
functionality. Some researchers focused on the relationship between 
thermostability of actomyosin ATPase and fish species (Arai et al., 1973; Taguchi 
et al., 1986; Taguchi et al., 1987).  
It is believed that washing removes most of the water soluble proteins 
(sarcoplasmic proteins), as well as unwanted substances and enzymes with 
consequential increase in actomyosin concentrations. Higher levels of actomyosin 
result in more cross-linking and therefore greater gel strength, which explains why 
surimi has a more elastic texture than unwashed minced fish meat (Okada, 1964). 
Adding ca. 0.2-0.3% salt at the last washing cycle assists the removal of water. 
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In Figure 2.1, refining is the next step, where the mince is separated form 
connective tissue, skin, bone, and scale. The first material through the refiner is 
known as “first grade,” and the residual material is returned to the refiner again for 
more recovery, with the resultant mince know as second grade since it is less 
white and functionally poorer than the first grade. 
The mince, after passing through the screw press, will lose more additional water 
and become white, odourless and residue free with around 82 to 84% moisture. In 
the next step, cryoprotectants such as sucrose, sorbitol, and sodium 
tripolyphosphate are added to the dewatered fish mince at different percentage (4, 
4 to 5, and 0.2 to 0.3%, respectively) and finally it is frozen in blocks of 10 kg. 
According to Toyoda et al. (1992) “the levels and ratio of sucrose can be adjusted 
depending on the type of product to be made and the sweetness desired.”  
Figure 2.1 shows the material balance of surimi manufacturing (Lee, 1986). After 
filleting, the two major steps responsible for the largest loss of mass are the 
washing cycles where the water soluble proteins (sarcoplasmic proteins) are 
removed and the refining, where the connective tissue is removed. Some losses 
also occur during dewatering, when fine particles of myofibrillar proteins pass 
through the screen. 
Currently, more than 60 fish species are using in surimi industry and among them, 
surimi from Alaska pollock and Southern blue whiting are the most commercially 
demanded species as they are regarded as producing surimi with superior quality 
in terms of colour, odour, and gel-forming ability (Toyoda et al., 1992). 
2.3 SURIMI AND ITS GEL FORMING STEPS 
 
When surimi is heated, it forms an elastic gel matrix due to cross-linking of 
proteins and also enhancing some other functional properties of the resultant gel 
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such as whiteness and flavour (Akahane et al., 1984; Goodband, 2002). Suzuki 
(1981) reported that there are three thermodynamic stages for the formation of fish 
meat gel, namely “suwari,” “modori,” and “kamaboko” with the stages being 
developed as heating proceeds. 
It is believed that after adding salt (2-3%) to the surimi and heating to 40-50ºC a 
loose gel matrix forms, known as suwari. Niwa et al. (1995) believed that such a 
matrix which “acts as the backbone of final gel” can be enhanced by adding 
transglutaminase. By increasing the temperature over 50-60ºC, “modori” occur 
which is a fractional disorder in the suwari matrix. According to Niwa and his 
colleagues (1995), modori is connected with the function of “endogenous heat-
activated proteinase and/or the thermal behaviour of myofibrillar proteins alone.” At 
the final stage of gel formation, as the temperature reaches above 65-70ºC, a 
disciplined, well-organised, robust and elastic gel forms know as “kamaboko”. Gel 
formation and its three main steps have been reviewed in detail by Stone and 
Stanley (1992).  
2.4 SURIMI AND GEL QUALITY EVALUATION 
 
Actomyosin is the major component of surimi, being highly concentrated 
myofibrillar protein. Mixing of surimi with salt and chopping results in solubilization 
of myofibrillar proteins which then form a gel when heated. There are two main 
criteria used to measure the surimi gel characteristics: (a) water holding capacity 
(WHC) and (b) gel strength as indicator of texture quality and functional proteins 
(actomyosin). The level of functional actomyosin can be affected by freshness of 
raw material and degree of washing cycles due to lowering the ATPase activity 
and increasing the rate of proteins decomposition, respectively.  
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Two main methods have been established for quantifying the functional properties 
of surimi based on gel-forming ability and visual conditions known as the U.S 
standard method and Japanese ‘standard’ quality measurement system (Lanier, 
1992). These two methods give information on appearance (colour), flavour/odour, 
and texture of raw and cooked material but the main difference between them is 
the way that they measure the gel strength of kamaboko. In the U.S system, a 
torsional (twisting) deformation is applied whereas in the Japanese system, 
compression by force is applied which penetrates a plunger into the gel specimen 
to determine the gel-forming properties of kamaboko. 
2.4.1 Physical analysis of gels  
2.4.1.1 Colour 
 
Around 40-50% of the total fish catch in the world is made up of dark-muscle 
species (Hultin & Kelleher, 2000). Many of these could be utilized as raw material 
for surimi-based products if the flesh colour could be lightened. Many cultured 
freshwater fish with dark muscle, such as common carp, could be used if the flesh 
could be lightened.  
Lightness in fish flesh can be estimated by the “L value,” which will be higher for 
white-fleshed fish than for dark-muscle species (Jiang et al., 1998, Wang et al., 
2002). Lanier (2000) associated lower L-values with a high concentration of haem 
proteins in blood (as haemoglobins). Lanier noted that removal of the haem-
containing substances from the muscle during refining requires the maintenance of 
the haem proteins in a nearly “native or undenatured” state. If the protein is 
denatured, the haem component will bind to myofibrillar proteins and leave the 
surimi darkened. Lanier (2000) also noted that myoglobin would be more difficult to 
leach than haemoglobin, since it resides within the muscle cells. 
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A range of whitening agents such as vegetable fat-based substances and 
hydrophilic colloids (Himonides et al., 1999), titanium dioxide, calcium carbonate 
and soybean oil (Benjakul et al., 2004) have been tested to whiten fish flesh and 
the resultant surimi. Hydrogen peroxide (H2O2) also has been used to whiten fish 
flesh (Sims et al., 1975, James and McCrudden, 1976, Young et al., 1979, 
Raksakulthai et al., 1983, Brown et al., 1993, Himonides et al., 1999). Sims and 
his co-workers (1975) reported that H2O2 (600 ppm) whitened herring flesh. 
Research by James and McCrudden (1976) found that 0.85% H2O2 at a pH of 10.5 
improved the colour of cod mince after 15min exposure at 15-20ºC.  
James and McCrudden (1976) also claimed that the addition of STP to a bleaching 
solution had a synergistic effect on both colour and texture; provided that the 
temperature was kept below 15 °C. Brown et al. (1993) evaluated the bleaching 
effect of injected H2O2 and STP over a pH range of 4.5-10.05 on the dark muscle 
of Alaska pollock fillets and reported that alkaline pH values were more effective at 
improving the colour of both the fillets and the resultant mince. In a more recent 
study by Himonides et al. (1999), H2O2 (5-8 g/L) applied for 1.5 h was found to 
effectively bleach immersed cod and haddock flaps, without any significant textural 
differences in cooked fish mince produced from untreated and treated flaps.  
2.4.1.2 Rheology  
 
According to Ferry (1948), “rheology is the science of deformation and flow of 
matter” and it records the viscous, elastic and viscoelastic behaviour of a subject 
under a force for a period of time. To optimise processing it is necessary to have a 
deep understanding of rheological characteristics of material being studied. There 
are two major categories used to determine the rheology of surimi gesl; these are 
known as fracture and non-fracture test. 
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In small scale gel analysis, the applied shear stress will produce a shear strain 
(deformation) in samples which is less than the threshold of the binding strength in 
the gel matrix. Thus, the applied shear stress will not cause a rupture in the 
microstructure but will elicit changes that are based on the microstructure of the 
gel matrix. By contrast, the principle of large scale gel analysis is to apply sufficient 
force to create a deformation that does result in a permanent change (a fracture) in 
the gel structure of the samples. 
Materials, according to Bourne (2002), could be in one of three forms; totally solid 
(therefore elastic), totally liquid (therefore viscous), while in between these two 
extremes, a material would exhibit both viscous and elastic characteristics, so that 
the material is then referred to as being viscoelastic.    
A. Non-fracture (small strain) gel analysis 
 
Mohsenin (1986) pointed out that non-fracture tests unlike fracture tests are 
sensitive enough to examine the microstructure of a material hence can lead to a 
better understanding about the “viscoelastic properties” which in turn are a function 
of the chemical composition of the material. So, dynamic rheological parameters 
can be connected to molecular changes. 
The principle of dynamic rheological test is to apply an altering sinusoidal stress to 
a sample which can measure the microstructure behaviour without destroying the 
natural state of the sample. It should be noted that to run the rheometer under the 
right stress and frequency values, the linear viscoelastic region should be specified 
firstly. 
B. Dynamic rheological tests 
 
In small scale (small amplitude oscillatory shear), the dynamic rheological 
characteristics of a gel such as storage modulus (GJ) and loss modulus (GQ), can 
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be measured by causing relatively small strains especially during heating. Storage 
and loss moduli are also associated with elastic and viscous properties of the gel, 
respectively (Kim & Park, 2000). The elastic component G', often called the 
storage modulus, is a measurement of energy stored and subsequently energy 
released per cycle of deformation per unit volume since the strain is recoverable in 
an elastic solid (Bourne, 2002). The viscous component, which is referred to as 
G'', is also called the loss modulus to describe the viscous dissipation (loss) of 
energy as heat per cycle of deformation per unit volume (Bourne, 2002). 
Based on how the magnitude of GJ and GQ behave, another component is phase 
angle (G) which range between 0 and 90 degree. Phase angle can be used as an 
index of viscosity and elasticity in viscoelastic materials, since it shows higher 
value with increasing viscosity and a lower value as elasticity increased (Kim & 
Park 2000). According to Ak & Gunasekaran (2001) as materials are capable of 
storing or losing energy, “phase angle can be viewed as the ratio of energy stored 
per cycle.” 
There are three systems to measure viscoelastic properties of polymer materials: 
(1) bob and cup (coaxial cylinder), (2) cone and plate, and (3) parallel plate 
methods. Coaxial cylinder system is mostly used for mobile liquids, suspensions, 
and emulsions whereas dough and pastes can be studied by the cone and plate or 
the parallel plate systems. The cone and plate system is similar to the parallel 
plate configuration except that the top plate is replaced with a cone with a small 
angle. The most common apparatus for thermodynamic viscoelastic analysis 
reported in the literature was cone and plate. 
C. Fracture (large strain) gel analysis 
 
Fracture characteristics of foods can be measured with large strain (deformation)  
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and for this purpose  a variety of instruments, principally utilizing compression, 
shear, or tension, are used to estimate the comprehensively the textural qualities 
of foods and most of them are usually designed to simulate jaw action. Surimi gel 
properties are measured by three main methods: (a) torsion and (b) puncture test 
and (c) texture profile analysis (TPA). Torsion test measures shear stress (gel 
strength) and shear strain (cohesiveness) whereas the puncture test as the most 
popular measurement technique used in the surimi industry for evaluating gel 
strength. The breaking force (g) and depth of penetration (cm or mm) are used to 
describe the gel properties (Hamann & MacDonald, 1992) of kamaboko samples. 
It is believe that out of those methods, TPA as well as measuring the texture 
properties of food is capable of mimicking sensory evaluation of food texture 
(Peleg & Bagley, 1983). By applying TPA, a wide range of food characteristics 
such as hardness, cohesiveness, elasticity, adhesiveness, brittleness, chewiness, 
gumminess and viscosity can be evaluated (Friedman et al., 1963). For more 
information regarding to application of TPA for measuring the quality of gel 
systems, refer to Pons and Fiszman (1996). 
2.5 ACID-ALKALINE AIDED SOLUBILIZATION TECHNIQUE  
 
One of the most important functionality characteristics of protein is capacity of 
forming a gel which is highly associated with degree of solubilization. Among the 
protein ingredients, myofibrillar proteins play the most critical functional role in 
foods derived from muscle, as they produce a viscoelastic gel matrix, entrap water, 
form strong cohesive membranes on lipid globules in emulsion, and are 
instrumental in forming strong flexible films at the air-water interface. Such ability is 
mainly due to multi-structural forms of proteins. According to Asghar and his co-
workers (1985) “while the primary structure of a protein is decided by the genetic 
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code during biosynthesis, the higher-order structures (secondary, tertiary) are 
determined by its amino acid composition, amino acid sequence, and the ratio of 
polar to non-polar side chains of the amino acid. The spatial arrangement in a 
polypeptide chain is governed by the bond length, bond angle, and strain energy 
involved in joining the amino acids into various polypeptide structures. A change in 
stereochemistry of certain proteins significantly alters some of their functional 
properties.” 
Isolation of myofibrillar proteins can be achieved by just leaching away the other 
proteins. Another method to attain this goal is pH shifting, which has advantages 
over the conventional method for surimi processing. Such a “revolutionary 
approach” is even environmentally friendly by reducing the water volume used and 
be lowering the nitrogen content and chemical oxygen demand in the final waste 
water (Park et al., 2003a). Furthermore, pH adjustment before centrifugation leads 
to yield increase because nearly all myofibrillar and sarcoplasmic proteins are 
solubilizing during homogenization (Kim et al., 2005b).  
Thus, the main process for isolation of functional proteins involves treating the 
material with high acidic (pH 2-3) or high alkaline (pH 10-12) conditions, followed 
by centrifugation after next adjusting the pH to the isoelectric point (5.5) for 
precipitating proteins that are low in lipid content and cell membranes (Nishioka & 
Shimizu, 1983; Hultin & Kelleher, 2000).  
Out of the myofibrillar proteins, myosin “is the single most abundant protein”, and 
many studies have investigated its functional properties in muscle tissue, 
especially by its thermodynamic reaction during cooking of fish mince and 
involvement in the formation of the gel network. These studies have been 
reviewed by Stone and Stanley, (1992). In addition, myosin architecture has been 
described in detail by Harrington and Rodgers (1984).  
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In 2003, Kristinsson and Hultin asserted that cod myosin “conformational and 
structural” reaction was varied after treatment with extreme pH. These authors 
reported that unlike alkaline pH, at pH 2.5 the rod section of myosin completely 
separated “due to electrostatic repulsion.” The symmetrical arrangement of the 
globular head fraction of myosin was altered at both acid and alkaline pH. 
Readjusting the pH to neutrality (7.5) resulted in a reassociation of heavy chain 
[heavy Meromyosin] after a low pH, “while light chains [light Meromyosin] 
remained dissociated for both pH treatments.” Kristinsson and Hultin (2003) also 
stated the “complete loss of myosin ATPase activity and more reactive sulfhydryl 
groups” due to “irreversible change brought about in the globular head region.” 
In addition, it is believed that pH-shifting method solubilize both myofibrillar (Mf-P) 
and sarcoplasmic (Sp-P) proteins (Hultin & Kelleher, 2000) and retention of Sp-P 
in the surimi gel network will increase the gel strength of the resultant kamaboko 
without interfering with the Mf-P (Shimizu & Ikeda, 1979; Morioka & Shimizu, 1990, 
1992; Nowsa et al., 1995; Kim et al., 2005b). If this was the case, then a significant 
improvement in protein utilization would have occurred. This is because about 30 
to 35% of the total muscle protein which contribute about 5% of the weight of 
muscle (Asghar et al., 1985), is composed of sarcoplasmic proteins (depending on 
the species). Characteristics of sarcoplasmic proteins have been further reviewed 
in the following section. 
2.6 SARCOPLASMIC PROTEINS  
2.6.1 What are sarcoplasmic proteins? 
 
Scopes (1970) described Weber and Meyer’s (1933) experiments on extraction of 
sarcoplasmic proteins. He noted that “the early work was carried out with water 
extracts, which were then dialysed to very low ionic strength, precipitating the so-
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called globulins, the albumin remaining in solution.” Bate-Smith (1937) subdivided 
the albumin portion of the sarcoplasmic proteins by electrophoresis into those that 
were “slow migratory,” referred to a “myogens,” and those that were “fast 
migratory”, referred to as “myoalbumins”. Baranowski (1939) crystallized a muscle 
protein, that he called “myogen A.” Jacob (1947) showed that the myogen 
component could be separated into several fractions by electrophoresis. Later, 
Baranowski and Niederland (1948) confirmed Jacob’s claim by reporting that 
“myogen A” was in fact a co-crystallization of \–glycerophosphate dehydrogenase 
(\GPDH) and aldolase (ALD). Baranowski and Niederland (1948) also showed 
that myoalbumin was identical with extracellular serum albumin. 
Scopes (1970) based a definition of sarcoplasmic proteins on the method of 
extraction. He stated that “an extract of pre-rigor muscle made, for instance, with 
a dilute tris buffer to ensure that the pH of the homogenate does not fall below 
7.0, and centrifuged at 15,000-20,000 ×g, can be defined as an extract of 
sarcoplasmic proteins.”   
However, further on in the same article, Scopes (1970) defined sarcoplasmic 
proteins according to their function, that is, “to carry out the normal function of 
cellular metabolism in addition to glycolysis”. 
2.6.2 Location of Sp-P within the muscle 
 
According to Scopes (1970), sarcoplasmic proteins are to be found into the extra-
fibrillar spaces within the muscle fibres, where they exist in vivo as a very 
concentrated solution. That is, sarcoplasmic proteins are to be found, as the name 
implies, in the sarcoplasm, which is in cytoplasm of striated muscle fibres (Fig. 2.2) 
between the myofibrils, not within the myofibrils (Asghar et al., 1985).  
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Figure  2-2 Position of sarcoplasm relative to the myofibrils (Sheppard, 2004) 
 
Scopes (1970) explained this postulate in terms of the relative size (Table 2.1) of 
the sarcoplasmic and myofibrillar proteins. He stated that the only position within 
the myofibril for sarcoplasmic proteins would be between the myosin head, myosin 
filament, and actin-tropomyosin. However, in that position, the sarcoplasmic 
proteins would interfere with the interaction of myosin with actin. 
Scopes (1970) further explained that the sarcoplasmic proteins are restricted to 
the outer surface of the myofibrils by either (a) the myofibrillar surface acting as an 
osmotic membrane or (b) another layer which has a protective function. In either 
case, the concentration of proteins will be about 16% in both the myofibril and the 
sarcoplasm around the myofibril. Scopes (1970), using a cross section of a muscle 
under a light microscope, estimated that the volume ratio between myofibrils and 
sarcoplasm is 3:1 in situ. These two types of protein can be separated by their 
solubility in different ionic strength solutions. 
2.6.3 Quantity and Function 
 
According to Asghar et al. (1985), despite their diversity, sarcoplasmic proteins 
have many common physiological characteristics. They are relatively low 
molecular weight, globular or rod-shaped in conformation, and have low viscosity. 
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Referring to the table 2.1, it does not seems that Sp-P are that low in the molecular 
weight (average of 121 KDa) and the explanation is that in this table the presentd 
moleculare weights are without considering the subunit of some Sp-P such as 
aldolase. The molecular weight of this Sp-P is 160 KDa which can be categorised 
as a Sp-P with high molecular weight, whereases considering its four subunits, 
each with molecular weight of 40 KDa, it would be considered as the low molecular 
Sp-P. There are very many enzymes responsible for energy-producing metabolism 
in the muscle, such as glycolysis, citrate cycle and oxidative phosphorylation. 
However, the enzyme present in the highest concentration (ca. 20%) in the 
sarcoplasm was found to be glyceraldehyde phosphate dehydrogenase (GAPDH), 
a glycolytic enzyme (Table 2.1). Some six glycolytic enzymes account for about 
63% of Sp-P with four of these enzymes having high (>140 KDa) molecular 
weights (Scopes, 1970). 
2.7 SP-P AND GELLING QUALITY OF FISH MUSCLE  
 
Although, the significance of Sp-P has been examined, there does not seem to be 
a consensus among authors as to whether the Sp-P contribute positively to the 
gelling characteristics of surimi or not. The predominant conclusion appears to be 
that after myofibrillar proteins specifically actomyosin, the increased presence of 
Sp-P in the surimi gel is cited as an additional cause of an increase in gel strength.  
2.7.1 Evidence for inhibitory effects of Sp-P on gel formation 
 
Overall there have been some studies involving different fish species concluding 
that the presence of Sp-P in the surimi gel is detrimental to the qualities of the 
resultant kamaboko gel. The gel quality was assessed in term of jelly strength (gel 
strength), breaking force, breaking distance, penetration force, expressible water, 
L value and whiteness. 
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Table  2-1 Relative proportions of sarcoplasmic and myofibrillar proteins (Adapted from 
Scopes 1970) 
Type of Protein 
(Sarcoplasmic proteins) 
Quantity 
(mg/g) 
Molecular weight 
(KDa) 
Glyceraldehyde phosphate 
dehydrogenase 12.0 146 
Aldolase 6.0 160 
Creatine kinase 5.0 82 
Enolase 5.0 47.3 
Lactate dehydrogenase 4.0 140 
Pyruvate kinase 3.0 237 
Phosphorylase b 2.5 180 
Triose phosphate isomerase 2.0 45 
Phosphoglucomutase 1.5 62 
“F protein” 1.5 35 
Phosphoglycerate kinase 1.2 94 
Phosphoglucose isomerase 1.0 130 
Phosphofructokinase 1.0 360 
Phosphoglycerate mutase 1.0 65 
;–glycerophosphate 
dehydrogenase 0.5 60 
Myokinase 0.5 21 
Myoglobin  ~0.5 18 
AMP deaminase 0.2 300 
Others 6.6 V 
Total        55 
Myofibrilla proteins Quantity 
(mg/g) 
Molecular weight* 
(KDa) 
Myosin (M) 65 MHC (200) and MLC (20) 
Actin 25 43 
Tropomyosin (Tm)  ~15 \-TM (34) and `-TM (36) 
Troponin (Tn)  ~4 Tn T (31), Tn I (21) and Tn C (18) 
;-actinin  ~3 95 
C-Proteins - 135 
others  ~8 V 
Total      115 
* Molecular weight sourced from Moosavi-nasab (2003) 
V Means variable molecular weights 
- Means information not available 
 
For example, using Arrow-tooth flounder (Atheresthes stomias) and the Saury-pike 
(Scomberosox saurus), Okada (1964) demonstrated that only when the fish 
muscle was washed (1 to 10 times) was an “elastic jelly with high “jelly” strength 
with little (33-41%) expressible water” produced. This author stated that the 
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unwashed muscle produced only an “easily crushable brittle jelly” with more 
expressible water (54-64%).  
In another study conducted by Kudo et al., (1973) on four fish species; Rockfish 
(Sebasted spp), Starry flounder (Platichthys stellatus), Puget sound hake 
(Merluccius productus), Spiny dogfish (Squalus acanthias), the authors concluded 
that the washing of fish mince with cold water, as an effective method for removal 
of water soluble proteins, can result in a firmer fish gel compared with gels from 
unwashed mince. Morioka and Shimizu (1990) by examining the effect of water 
content and myofibril content, noted that at the same water content, washing 
Pacific mackerel mince improved the gel strength of the resultant kamaboko by a 
factor of 5 over unwashed mince. Ko and Hwang (1995), evaluating the 
“restrictive” or “promotive” role of Sp-P of milkfish (Chanos chanos) on gel forming 
process, found that there was an improvement (1.4 - 2.0 times) in the kamaboko 
gel strength produced from washed mince compared with that produced from 
unwashed mince within a moisture range of 78-88%. Kim et al. (1996) reported 
that not washing the catfish mince had a negative impact on the textural properties 
of the resultant kamaboko.The explanations given for the improvement in textural 
quality after washing was varied and included the following: 
I. That the jelly strength improved because washing removed interfering 
components such as water-soluble (most likely Sp-P) material (Okada., 
1964; Kudo et al., 1973) and fat (Okada, 1964). 
II. That washing increased the concentration of myosin (Okada., 1964). 
III. That some sarcoplasmic enzymes, specifically ALD and GAPDH have been 
shown to bind with fish myofibrils that this interaction would result in weaker 
gel formation (Nakagawa., 1989). 
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IV. That the presence of Sp-P particularly alkaline proteases and their action on 
Mf-P in the unwashed mince was responsible for the lower hardness and 
breaking force in the gel compared with the gel produced from washed 
mince (Kim et al., 1996).  
Some support was given to explanations (I) and (IV) with a study by Nakagawa et 
al. (1989) demonstrated a general inverse relationship between a specific Sp-P, 
namely ALD and to lesser extent GAPDH, and the gel strength of kamaboko 
processed from three fish species; red sea bream (Pagrus mojor), Pacific 
mackerel (Scomber japonicus) and carp (Cyprinus carpio). As the ALD 
concentration was decreased by washing in increasing salt solution (from 0 to 
0.15M) at neutral pH, the gel strength of samples tested increased. 
Furthermore, the negative impact of water soluble proteins on the gel forming 
ability of surimi was reinforced by adding back deproteinized extractions (created 
by removing precipitated protein after heating of the wash water)  to the washed 
meat (Okada, 1964). As a result, a firmer gel was formed with less expressible 
water (48%) compared with the samples with added untreated wash water which 
produced gels with expressible water of 57%. 
Another approach taken by same researchers was to use the pH-shifting method 
of preparing fish gels to evaluate the role of Sp-P. Of the studies reported, one 
study concluded the presence of Sp-P had a negative impact on gel quality. Park 
et al. (2003) found that the surimi and kamaboko made by the alkaline-aided 
method from Japanese Jack mackerel, mackerel, crocein croacker, yellow 
croacker, and black-potted croaker had lower gel strength (breaking force and 
deformation) than the surimi and kamaboko produced by the conventional method 
from the same species.  
 
2-20
So, studies using three different approaches namely; washing vs. un-washing, 
alkaline-aided method vs. conventional method and adding Sp-P to the surimi 
concluded that either presence of Sp-P in un-washed fish mince or retention of Sp-
P in the surimi gel network by the alkaline-aided method negatively affected the 
resultant kamaboko gel property. 
2.7.2 Evidence for enhancement of gel formation by Sp-P 
 
There have been some other studies involving different fish species from which it 
was concluded that the presence of Sp-p in a surimi gel will enhance the textural 
characteristics of the resultant kamaboko. Unlike the evidence for the inhibitory 
effect of Sp-p on gel strength, discussed in the previous section, washing trials 
demonstrating that Sp-p are not inhibitory are limited to those carried out by 
Morioka and Shimizu (1990). These researchers demonstrated that washing 
Pacific mackerel reduced the gel strength by a factor of about 1.5 compared with 
that produced from unwashed Pacific mackerel mince at the same myofibril 
content. 
The enhancive effect of Sp-p was demonstrated by several authors (Nishioka et 
al., 1990; Hultin & Kelleher, 2000; Park et al., 2003; Perez-Mateos et al., 2004) 
who used the alkaline-acid aided approach (without added Sp-P) to preparing 
surimi. In 2000, Hultin and Kelleher claimed that the yield and colour of the surimi 
prepared by the acid-alkaline methods were superior to that produced by the 
conventional method. With respect to texture, they stated that there was “no 
indication that the sarcoplasmic proteins interfered with gel formation, and there is 
further evidence that sarcoplasmic proteins may actually enhance gelation”. In a 
later study Perez-Mateos et al. (2004) evaluated the textural properties of Atlantic 
croaker surimi was produced using acid or alkaline aided solubilization technique. 
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When these researchers added microbial transglutaminase (MTGase), a 
sarcoplasmic protein, to these surimi pastes, the “setting effect” increased and 
resulted in a higher gel strength and deformability than that of the surimi produced 
by the conventional (washed) approach. This was attributed to the presence of 
TGase in the surimi gel network that promotes the cross-linking of MHC (Seki et 
al., 1990; Araki & Seki, 1993; Niwa et al., 1995; Nowsad et al., 1995a; Nowsad et 
al., 1995b).  
The most common experimental design used to support the enhancive effect of 
Sp-p on gel characteristics was the experiments involving the addition of Sp-p into 
the surimi and evaluating the effect.   
In 1983, Nishioka and Shimizu used the pH-shifting technique to separate water 
soluble proteins, lost during the dewatering stage of surimi processing. Morioka 
and Shimizu in 1990 carried out an experiment involving the addition of Sp-P from 
Pacific mackerel into threadfin bream myofibril at a ratio of 1:3 (Sp-P: Mf-P). The 
resultant kamaboko (Table 2.2) had greater (ca. 54%) gel strength than that of the 
control (with no added Sp-P). This positive effect of Sp-P on gel strength was also 
demonstrated in an experiment conducted by Ko and Hwang (1995) using washed 
and unwashed milkfish to which Sp-P (3.2 mg/g) was added. 
Table  2-2 Effect of native and heat-coagulated Sp-P on gel-forming of threadfin bream 
myofibrils (adapted form Morioka and Shimizu, 1990) 
Additives 
Puncture force (g) Puncture depth (cm) Gel strength (g.cm) 
Control1 55.2 0.44 24.3 
+Sp-P2 67.2 0.56 37.6 
+DSp-P3 39.6 0.43 17.0 
1 Water was added to myofibril (84% moisture, 5% sucrose) instead of Sp-P. 
2 Native Sp-P added to gel (Mf-P:Sp-P ratio of 3:1) 
3 Heat coagulated Sp-P added to gel (Mf-P:Sp-P ratio of 3:1) 
Sp-P was prepared from Pacific mackerel by homogenizing the dorsal muscle with 5 volumes of 
phosphate buffer (I=0.05, pH=7.0) and concentrating the extract obtained to 85% water 
content. Myofibrils were prepared from threadfin bream by homogenizing the dorsal muscle 
with 5 volumes of buffer (0.09 M KCl, 5mM EDTA, 0.039 M borate buffer, pH=7.0), washing 
with the same buffer solution four times, dehydrating to 88% water content, and adding 5% 
sucrose. 
2-22
These authors reported that the gel strengths of the results kamabokos were 
increased for both washed and unwashed surimi by 4% and 21%, respectively 
when compared with the control to which no Sp-P were added (only water to 
maintain a volume balance). In the same year, Nowsad et al. (1995a) found that 
the breaking force of the suwari gel made from Alaska pollock, carp, horse 
mackerel, sardine, or Spanish mackerel was improved by the addition of 3-4% Sp-
P. For these same gels, the authors (Nowsad et al., 1995b) noted that the cross-
linking of myosin heavy chain (MHC) molecules (method of analysis described in 
Araki & Seki, 1993) had increased with the addition of Sp-P.  
Park et al. (2003) carried out an experiment with an increased (up to 8%) Sp-P 
addition to surimi produced by the pH shifting approach. These authors found that 
by increasing the concentration of Sp-P (up to 8%), the breaking force (hardness), 
and breaking distance (deformation) of the gels increased. In 2005, Kim and his 
colleagues (2005) who investigated the effect of added Sp-P on the gel 
characteristics of Rockfish kamaboko, demonstrated that  addition of Sp-P (2%) 
into the surimi caused ca. 32% improvement in the breaking force of kamaboko gel 
whereas decreased the deformation but not significantly (p < 0.05). 
Some of the statements (or explanations) given by the various authors for the 
above results include: 
(i) That “Sp-P does not interfere with gel formation of Mf-P” (Morioka & 
Shimizu, 1990) 
(ii) That Sp-P contributes positively to gel strength, possibly by cross-linking 
with MHC (Nowsad et al., 1995b) 
(iii) That the application of alkaline-aided method of producing surimi 
rendered the muscle proteins more accessible as a substrate for 
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MTGase as well as to other protein-protein interactions (Perez-Mateos 
et al., 2004 ). 
(iv) That Sp-P binds to actomyosin with the resultant complex remaining 
suspended even after high speed (12,000 xg) centrifugation (Morioka & 
Shimizu, 1992). The implication was that the binding of Sp-P to 
actomyosin will then facilitate gelling. 
There is some evidence that the effect of Sp-P cannot be generalised to all Sp-P; 
that in fact some Sp-P contribute positively and others are detrimental to gel 
strength. Morioka and Shimizu (1993) noted that the ‘jelly’ strength of Sp-P could 
be correlated with (a) heat coagulability of specific Sp-P and (b) Sp-P which had 
high molecular weights (94 KDa, 40 KDa and 26 KDa) molecular with a correlation 
coefficient of 0.81. In earlier work, the same authors (Morioka & Shimizu, 1992) 
demonstrated that the coagulation temperature of Sp-P from white muscle was fish 
species specific. For example, about 91% of the Sp-P from the white muscle of 
sardine coagulated at 60ºC, whereas at the same temperature, only 29% of the 
Sp-P from the white muscle of Tilapia coagulated. These researchers found that 
more protein remained in solution than expected when a solution of 
actomyosin:Sp-P (2:1) was heated, particularly over the temperature range of 60 
to 80ºC. Point (iv) above summarizes the significance of these results as stated by 
the authors.  
So, different methods have been applied to show the enhancive role of Sp-P on 
the surimi and kamaboko gel network prepared, included; washing vs. non-
washing, adding the heat-treated wash water vs. unheated wash water, acid-
alkaline aided methods vs. conventional method and addition of Sp-P into the 
surimi vs. non-addition of Sp-P. Among all the methods, the more conclusive 
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approach was adding the Sp-P into the fish mince and evaluating the gel 
characteristics of the resultant surimi and kamaboko. 
An explanation is needed as to why similar experiments have lead to contradictory 
conclusions with respect to the role of Sp-P in gel formation during surimi 
processing and why it appears that gel quality can be improved by removing Sp-P 
or by adding Sp-P. However, to address this crucial question, there is a need to 
understand the basic properties of Sp-P (quantity, function, and location) as 
discussed in section 2.6.
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CHAPTER 3 GENERAL MATERIALS AND METHODS 
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The materials and methods in this chapter (3) are common to all experiments. 
Materials and methods specific to a set of experiments have been recorded in the 
chapter associated with these experiments. 
3.1 MATERIALS 
Fish and surimi 
Fresh whole fish harvested by the K & C Fisheries Company from the Gippsland 
Lakes was transported in ice by a refrigerated truck to Victoria’s whole-sale fish 
market, and from there transferred to the University’s pilot plant; all within 24h of 
harvesting. After gutting, heading and filleting, the light fillets of common carp were 
separated and used to prepare surimi by the traditional method. Frozen threadfin 
bream and Alaska pollock surimi were obtained from Austrimi Seafood Co. 
Victoria, Australia and kept at -20ºC. 
3.2 METHODS 
3.2.1 Preparation of gels (by traditional method) 
 
Fillets were minced by a meat mincer with a mesh size of 3 mm, before washing 
three times as described by Shimizu et al. (1992). Dewatering was carried out by 
wrapping the mince in a folded cheese cloth and squeezing it in a wine press after 
the 3rd wash. The mince was then turned to paste with a food processor (Moulinex, 
master-chef 350) operated for 90s. During mincing, the temperature was 
maintained at 4-10ºC by adding ice-water. Once minced to a paste, 
cryoprotectants (4% sugar, 4% sorbitol and 0.3% STP) by weight were 
incorporated into the paste and homogenization was continued for a further 60s. 
The resultant surimi was placed into a bag, formed into a block of ca. 15×10×2 cm, 
vacuum sealed and frozen (-20ºC) until required for gel preparation.  
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To prepare the gel, frozen surimi was first cut into smaller pieces (ca. 2×2×2 cm) 
and left to stand at room temperature (ca. 22ºC) for about 1.5 h to defrost. The 
surimi pieces were then chopped in the food processor for about 60s to create a 
homogeneous paste. After adding salt (2% w/w) while it was still being 
homogenized, ice-water was sprinkled over the mince to adjust the moisture 
content of the paste to 80% and 85%, depending to the type of test. 
Homogenization continued for another 60s with the temperature being maintained 
between 4-10ºC. The paste was then compressed into stainless steel tubes 
(length of 20 cm, and internal diameter (Ø) of 2.50 cm) which had previously been 
sprayed with canola oil to lubricate the inner surface of the tube. Both ends of each 
tube were then sealed with screw thread caps. To obtain low temperature setting 
(Lanier, 1992), the tubes were refrigerated (4ºC) overnight. To convert the surimi 
to kamaboko, the tubes were heated for ca. 30 min in a steam jacketed kettle (set 
at 90 ± 2ºC) to bring the temperature to ca. 90ºC at the geometric centre of the 
tube for 15 min, following the method of Lanier (1992). Immediately after heating, 
the tubes were cooled in cold water to ca. 10ºC to stop any further effect of heat 
on the texture. Once cooled, the gels were removed from the tubes with a plunger 
and sliced to the required dimensions for analysis of large scale texture 
characteristics as well as water holding capacity.  
3.2.2 Colour Evaluation  
 
The reflected colour of untreated and treated fish, surimi and kamaboko samples 
was measured using the Minolta Chromo-meter (CR-100); a tristimulous colour 
analyzer. In this system, the degree of lightness, redness, greenness, yellowness, 
or blueness represented by L*, +a*, -a*, +b*, -b*, respectively and reported as L*
a*, and b* values (Lanier, 1992). The instrument was calibrated using a standard 
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white tile (L* value of 96.35, a* value of 0.28 and b* value of 1.68) placed under 
the orifice of the instrument. However, before measuring the colour, the surface of 
the fish samples was lightly patted dry with paper toweling. This minimized the 
‘shininess’ effect, caused by surface moisture, which would artificially increase the 
lightness and whiteness value recorded, not as a result of the treatment trialled, 
but as an artifact of the measurement method. As the colour of each sample was 
recorded in duplicate; there were a total of 10 results (2 readings and 5 replicate 
fish samples) per treatment. The effectiveness of a treatment to whiten samples 
was determined by calculating whiteness (Park, 1994, Esturk, 2003, Luo et al., 
2004) and IE as a measure of colour deviation (Lanier, 1992), thus:  
Whiteness = (L* - 3b*) Equation  3-1 
 
and 
;E = [(; L*) 2 + (; a*) 2 + (; b*) 2]1/2 Equation  3-2 
 
Where I L = L1 – L2 with L1 being the value obtained for the control sample. 
 
3.2.3 Water Holding Capacity (WHC) 
 
WHC of untreated and treated fillets was determined by the method of Himonides 
et al. (1999). For each treatment, three samples (each ca. 10.00 ± 0.50 g) were 
wrapped in individual Whatman filter papers (No. 41, with an Ø of 7.0 cm) and 
centrifuged (Beckman, GS-15R centrifuge) at 1700 ×g for 30 min at 8°C. The 
quantity of water expelled from the fish tissue was estimated from the weight 
difference of the filter paper before and after centrifugation. The WHC of the fish 
tissue was determined by the following equation (Himonides et al., 1999): 
WHC g/kg = [(1-Mw/Ms) × 1000] Equation  3-3 
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Where Mw is the mass (g) of expelled water and Ms is the initial mass (g) of the 
sample. 
3.2.4 Gel characteristic analysis    
3.2.4.1 Non-fracture deformation test 
 
Dynamic tests using a rheometer (HAAKE RS50, Germany) were carried out on 
the surimi pastes after overnight refrigeration (4ºC). Surimi paste was loaded into a 
gap (0.105 mm) between the cone (60 mm Ø, 2º angle) and plate (MP60 steel 
18/8) of the rheometer. The stress applied to the surimi paste at 10ºC ranged from 
1.0 to 850 Pa at a frequency of 0.1 Hz. The frequency sweep test was carried out 
from 0.01 to 10 Hz under a stress of 100 Pa at 10ºC. The region of linear 
viscoelasticity of the surimi paste was determined by stress and frequency sweep 
tests. 
The stress and frequency values were within the linear range of the viscoelastic 
response for a temperature sweep test involving heating the surimi samples from 
10ºC to 80ºC at 1ºC/min following the method of Kim and Park (2000). The 
following dynamic rheological parameters were obtained: Gd, storage modulus, 
representing elastic properties; Ge, loss modulus, representing viscous 
characteristics and G, phase angle. The phase angle calculated from tan-1 (Ge/ Gd)
can range from 0 degree, with the material regarded as being totally elastic, to 90 
degree when the material is regarded as being totally viscous (Kim and Park, 
2000). 
3.2.4.2 Fracture deformation test 
A. Puncture test 
After removal of kamaboko from the stainless steel tubes, the gels were sliced (25 
mm) transversely, tempered to room temperature, and a puncture test was carried 
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out according to the method described by Kim and Park (2000). A texture analyser 
(Stable Micro Systems Ltd., Vienna Court, Lammas Road, Godalming, Surrey GU7 
1YL, UK) was used for the puncture test equipped with a spherical ended stainless 
steel plunger (Ø = 5 mm), and had a cross head speed (deformation rate) set at 60 
mm min-1 with a 25 kg load cell. Breaking force (g) and deformation distance (mm) 
were determined.  
B. Texture Profile Analysis (TPA) 
 
TPA was performed as described by Bourne (2002) with some modifications. The 
samples (25 mm height by 25 mm Ø) were tempered at room temperature (ca.
25ºC), placed on the flat plate of a texture analyser and axially compressed by a 
cylindrical plunger (Ø = 50 mm) adapted to a 25 Kg load cell at a deformation rate 
of 1.0 mm/s. Previous trials established a compression limit of 50% of the original 
height for the kamaboko gel; any greater compression the resulted in cracking of 
most samples. In the test, each sample was compressed twice running and the 
average was recorded. The parameters determined were hardness (N), 
cohesiveness, adhesiveness (N/s), springiness (elasticity), and gumminess as 
defined by Bourne (2002). All determinations were performed with three replicates.  
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4.1  INTRODUCTION 
 
Surimi is stabilized minced fish flesh, in which, according to Park and Morrissey 
(2000), the shelf-life has been extended by water washing followed by blending 
with cryoprotectants to prevent denaturing of protein. As colour and texture are 
regarded as the most important quality parameters of surimi, white-fleshed fish 
species with high quality textural characteristics, such as Alaska pollock (Theragra 
chalcogramma), are highly valued for surimi manufacturing.  
Dark-muscle fish species, which currently make up 40-50% of the total fish catch 
in the world (Hultin and Kelleher, 2000) and cultured freshwater fishes such as 
common carp, could be utilized as raw material for surimi-based products provided 
the flesh colour could be lightened. The normally lower “L value” (which is a 
measure of lightness) for dark muscle (Jiang et al., 1998, Wang et al., 2002) is 
associated with a high concentration of haem proteins (Lanier, 2000) in blood (as 
haemoglobin) and red muscle (as myoglobin) compared with that present in white 
fish muscle. According to Lanier (2000), “removal of the coloured heme-containing 
moiety from the muscle during refining depends on maintaining the haem proteins 
in a nearly native or undenatured state.” If the heme component of a protein is 
denatured, the colour of surimi will be darkened due to binding between heme and 
myofibril proteins. Lanier (2000) noted that, as myoglobin is located within the 
muscle cells, it is more difficult to leach than haemoglobin. 
Himonides et al. (1999) reported that some researchers have tested vegetable fat-
based agents and hydrophilic colloids such as milk, gum hydrocolloids, mixtures of 
sugars, surfactants, and fats as fish-flesh whitening agents. Treatments with 
titanium dioxide, calcium carbonate, soybean oil have also been proposed 
(Benjakul et al., 2004). 
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Hydrogen peroxide also has been used to whiten fish flesh (Sims et al., 1975, 
James and McCrudden, 1976, Young et al., 1979, Raksakulthai et al., 1983, 
Brown et al., 1993, Himonides et al., 1999). Sims and his co-workers (1975) 
reported that H2O2 (600 ppm) whitened herring flesh. Research by James and 
McCrudden (1976) found that 0.85% H2O2 at a pH of 10.5 improved the colour of 
cod mince after 15min exposure at 15-20 ºC.  
James and McCrudden (1976) also claimed that the addition of STP to a bleaching 
solution had a synergistic effect on both colour and texture; provided that the 
temperature was kept below 15°C. Brown et al. (1993) evaluated the bleaching 
effect of injected H2O2 and STP over a pH range of 4.5-10.05 on the dark muscle 
of Alaska pollock fillets and reported that alkaline pH values were more effective at 
improving the colour of both fillets and resultant mince. In a more recent study by 
Himonides et al. (1999), H2O2 (5-8 g/L) applied for 1.5h was found to effectively 
bleach immersed cod and haddock flaps, without any significant textural 
differences in cooked fish mince produced from untreated and treated flaps.  
This investigation was carried out to evaluate the feasibility of using H2O2 as a 
bleaching agent to whiten the light fillets of female common carp, and as a result 
be able to produce an acceptable surimi and kamaboko in terms of colour, 
comparable to that produced from Alaska pollock or threadfin bream (Nemipterus 
sp.). The effect on WHC of the fillets and kamaboko as a result of the application 
of H2O2 and STP was also investigated to indicate any changes in texture. 
4.2 MATERIALS AND METHODS 
4.2.1 Fish harvesting and transportation 
 
Female common carp (length of 65 ± 2 cm, weight of 4850 ± 175 g) were 
transported, packed in ice, to Melbourne directly from the commercial fisheries (K & 
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C Fisheries) usually within 24 h of harvesting from the Gippsland Lakes (Victoria, 
Australia).  
4.2.2 Fish samples preparation 
 
On arrival at the pilot plant at RMIT University, < 24h after harvesting, the fishes 
were headed, gutted and filleted (30-35% the fish) of ca. 450 g each. Each fillet 
was trimmed to produce two rectangle portions of approximately 15 × 10 cm 
(predominantly dorsal muscle), and 5 sites selected on each portion as 5 replicate 
samples. For other trials, fillets were chopped to ca. 2×2 cm. It should be noted that 
only the light portion (representing 75% of total fillets) was selected and the rest 
(25%) as dark fillets was rejected. 
Following treatment solutions were prepared: 
4.2.3 pH solutions 
 
Solutions of distilled water (pH 5.5), tap water (pH 6.2) or pH solutions of 7.0, 8.5, 
10.5 or 11.5 (as stock solutions) were prepared from distilled water with sodium 
carbonate anhydrous. 
Table  4-1 the final pH of treatment solutions  
pH1 of treatment solutions 
Initial pH adjustment Distilled water Tap water 
H2O2 (%) Added 
STP (%) 
Added 
7.0 8.5 10.5 11.5 pH 5.5 pH 6.2 
0 0 7.0 8.5 10.5 11.5 5.5 6.2 
1 0 5.0 6.4 8.7 10.5 NA2 NA 
2 0 4.4 5.7 8.4 10.3 NA NA 
3 0 4.4 5.5 8.2 10.1 NA NA 
3 1 8.3 8.3 8.6 10.1 NA NA 
3 2 8.3 8.3 8.4 10.2 NA NA 
0 1 11.2 11.2 11.3 11.5 NA NA 
0 2 11.2 11.3 11.3 11.5 NA NA 
1 Distilled water was adjusted with sodium carbonate to produce initial stock solutions at pH 7.0, 
8.5, 10.5 and 11.5, and then  further pH modified  by addition of H2O2 (1%, 2% or 3%), 
H2O2 (3%) plus STP (1% or 2%) 
2 Not Applicable 
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4.2.4 Chemical solutions 
4.2.4.1 Hydrogen peroxide (H2O2)
Hydrogen peroxide (35% active ingredient, from Sigma-Aldrich Pty, Ltd. 12 Anella 
Avenue, Castle Hill., NSW 2154, Australia) at three concentrations (1, 2, and 3% 
v/v) referred to as the bleaching solution. 
4.2.4.2 Sodium tri-polyphosphate (STP) 
 
STP (“Na5P3O10=367.93”, product No. D3247 from AJAX Chemical Ltd. Sydney-
Melbourne, Australia) at two concentrations (1, and 2% w/v) with or without added 
H2O2.
The above mentioned chemical solutions were added to pH adjusted solutions as 
per Table 4.1. 
4.2.5 Method used to treat fillets 
 
All treatment solutions were prepared immediately prior to use, and an aliquot (10 
mL) of the appropriate solution was injected into each of 5 fish sites (i.e. 50 mL for 
5 replicates) to a depth of ca. 0.2-0.5 cm. Injection sites were spaced at ca. 0.5 cm 
intervals over the surface of the each portion. The injected samples were next 
placed into a bag with an appropriate treatment solution at a ratio of 1:4 (fish 
weight:solution volume), and after being vacuum sealed, the bags were tumbled at 
a speed of 4 rpm for ca. 25-30 min between 4-10°C. 
Samples were removed from the treatment solution and washed in cold (4-10°C) 
running tap water and left in a cold (4-10°C) water-bath for 10 to 20 min to remove 
any residual H2O2, which might be trapped interstitially. During washing, the water-
bath was replenished with fresh water several times until effervescence of oxygen 
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was no longer observed. As well as water washing, the method of Brown et al. 
(1993) was used to remove residual H2O2. Washed fillets were immersed in a 
catalase solution (#C1345, Sigma-Aldrich) of 0.01% (w/v) at a ratio of 1:4 (fish 
weight:solution volume). Residual H2O2 was then determined according to a 
procedure (#47.3.22) from the  Association of Official Analytical Chemists (AOAC) 
in which 10-20 drops of vanadium pentoxide solution (1 g V2O5 in 100 mL of a 
93% H2SO4) was applied directly to the catalase-treated fish sample. This method, 
with sensitivity of 0.0006% (w/v), indicated the presence of H2O2, a positive 
reaction, by the development of a red or pink colour (Munday, 1957).  
4.2.6 Surimi and surimi gel preparation 
As per general materials and methods, section 3.2.1
4.2.7 Colour evaluation  
As per general materials and methods, section 3.2.2
4.2.8 Water Holding Capacity (WHC) 
As per general materials and methods, section 3.2.3
4.2.9 Statistical analysis 
 
Colour and WHC data were analysed by one-way analysis of variance (ANOVA) 
and significance of difference between mean values were determined by Least 
Significant Difference (LSD), and two sample t-test using a SPSS (SPSS, Inc. 
Headquarters, 233 S, Wacker Drive, 11th floor, Chicago Illinois 60606, Version 
13.0) statistical package. 
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4.2.10 Model determination 
 
The relationship between characteristics of the common carp fillets such as colour 
and WHC as affected by pH levels and H2O2 concentrations was investigated. The 
linear regression analysis was used to develop and determine an equation to 
specify the presence of such a relationship. Colour and WHC was selected as 
dependent variables while pH levels and H2O2 concentrations were selected as 
independent one. The best model equation which correlates fillets characteristics 
(colour and WHC) to treatment parameters (pH and H2O2) was determined. By 
plotting variables against each other, it was found that there was no interaction 
between them, hence a general linear regression model was used as below:  
Yi = W0 + W1Xi1 + W2Xi2 … Equation  4-1 
 
Where X represents the selected independent variable, W0 intercept term and Wn
the regression coefficient of the independent variable. 
4.3 RESULTS AND DISCUSSIONS 
 
4.3.1 Effect of treatment solutions on colour 
 
The effect of water (tap water or distilled water), H2O2 (1-3% v/v), STP (1-2%) and 
adjusted pH (7.0-11.5) on the colour of light (as this muscle is more pinkish than 
white) fillets of common carp was evaluated. Untreated fillets of common carp and 
threadfin bream (Fig. 4.1) were used as controls in that their L*, a* and b* values 
could be used as a baseline measure to determine colour deviation (IE); an index 
of colour improvement after bleaching (Table 4.2). Threadfin bream fillets were 
whiter than carp fillets as the L* value was significantly (p < 0.05) greater and b* 
value significantly (p < 0.05) lower than that obtained for carp fillets (Table 4.2).  
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Figure  4-1 Untreated common carp (1), threadfin bream (2) fillets, respectively.  
1 Treatment with 3% H2O2 at a final pH of 8.2 and no STP (Table 1).  
 
Usually, “L values” were used to indicate differences in lightness (Lanier, 1992; 
Brown et al., 1993; Park and Morrissey, 2000) and even whiteness (Himonides et 
al., 1999), however, a difference of 4 units in L* values (Table 4.2) between 
threadfin bream and common carp does not convey the difference in visual 
whiteness between these fillets. By contrast, the whiteness formula (L* – 3b*) 
resulted in ca. a 19 unit (Table 4.2) increase in whiteness for threadfin bream 
compared with the light fillets of common carp; a difference that better represented 
the observed whiteness of these two fish species. This should be noted that 
irrespective of whiteness formula used still the difference is significant. 
Table  4-2 Colour parameters of untreated fillets of common carp and threadfin bream 
1 Standard Deviation 
2;E represented colour difference between species tested 
Different superscripts in the same column indicated significant difference (p < 0.05) according to a 
two sample t-test. 
 
To whiten the fillets, Himonides et al. (1999) applied H2O2 (8 g/L) to cod flaps for 
1.5h, and reported that, despite improvements in visual whiteness, there was no 
significant difference (p > 0.05) between “L values” of cod mince from untreated (L 
of 47.3) and treated (L of 47.7) flaps. The authors stated that the apparent 
Tristimulous colour values 
 (Mean ± SD1)
Species 
Vi
su
al
as
se
ss
m
en
to
f
co
lo
ur
L* a* b* 
Whiteness ;E2
Common 
carp 
(control) 
pink 33.21 ± 0.74Z -0.48 ± 0.21Z -0.73 ± 0.35Z 34.65 ± 2.33Z
Threadfin 
bream 
(control) 
white 37.28 ± 2.04Y -0.15 ± 0.40Y -5.40 ± 0.72Y 53.48 ± 3.25Y
6.25 ± 1.35 
1 2
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whiteness was mainly due to a reduction in redness (a* value) and yellowness (b* 
value). In this study it was found that the whiteness formula (L* - 3b*) more 
accurately reflected visual whiteness than either equation 2 or L* alone. Injecting, 
soaking and tumbling of common carp fillets with treatment solutions with and 
without H2O2 at different pH levels improved the colour of fillets from the light 
muscle of common carp (Fig. 4.2 and Table 4.3). Raw data for colour values (as 
an example) and calculation of the 95% confidence interval (Estimated marginal 
means are presented in appendices 1 and 2, respectively. 
 
Figure  4-2 Common carp fillets treated without and with H2O2 (1-3%) at different 
pH levels (7.0-11.5) by injecting, soaking and tumbling for 30 min at 4-
10ºC.   
 
Colour improvement, in the absence of H2O2, occurred due to washing, and was 
much the same for the various pH levels trialled, with no significant differences (p
> 0.05) across these treatments. The untreated control samples had average L*
value of 33.21, which was significantly (p < 0.05) lower than that for fillets treated 
pH levels
7.0                   8.5                        10.5                      11.5 
[H
2O
2]
3%
2%
1%
0%
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Table 4-3 Colour deviation (;E) levels for common carp fillets1
1 Fillets treated with distilled water (DW pH 5.5), tap water (TW pH 6.2) or treatment solution without and with H2O2 (1-3%) and STP (1-2%) at different pH
levels by injecting, soaking and tumbling for 30 min at 4-10ºC.
2 pH of treatment solutions before H2O2 addition. For actual pH of treatment solutions after H2O2 addition refer to Table 4.1.
3 Not relevant
Within each trial, different superscripts in the same column and row indicated significant difference (p < 0.05) according to a one-way ANOVA, and LSD test.
Treatment
solution
Colour deviation (;E)
(Mean ± SD)
Initial pH2 adjustment Distilledwater Tap waterT
r
i
a
l
 
H2O2
(%)
Added
STP
(%)
Added 7.0 8.5 10.5 11.5 pH 5.5 pH 6.2
0 0 7.09 ± 1.59z 8.03 ± 1.19z 7.04 ± 1.75z 8.51 ± 1.38z 6.60 ± 1.14z 7.58 ± 1.63z
1 0 12.35 ± 0.70y 12.02 ± 1.33y 12.10 ± 2.73y 12.41 ± 0.40y NR3 NR
2 0 20.41 ± 0.83x 20.78 ± 1.83x 20.65 ± 0.98x 14.65 ± 0.62y NR NR
A
3 0 25.17 ± 0.46w 25.83 ± 1.20w 29.49 ± 2.60v 24.23 ± 5.50w NR NR
3 0 25.17 ± 0.46w 25.83 ± 1.20w 29.49 ± 2.60v 24.23 ± 5.50w NR NR
3 1 13.59 ± 2.68u 14.03 ± 1.50u 14.44 ± 3.10u 10.48 ± 3.60u NR NRB
3 2 13.79 ± 2.72u 15.35 ± 2.41u 14.80 ± 3.94u 14.69 ± 1.60u NR NR
0 0 7.09 ± 1.59z 8.03 ± 1.19z 7.04 ± 1.75z 8.51 ± 1.38z NR NR
0 1 1.36 ± 0.78y 1.50 ± 0.54y 1.45 ± 0.63y 1.11 ± 0.49y NR NRC
0 2 NR NR NR NR NR NR
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with solutions ranging in pH from 7.0 to 11.5 (Table 4.3). Injecting, (soaking and 
tumbling) with distilled water (pH 5.5) or tap water (pH 6.2) produced very similar 
results (p > 0.05) to that produced by the treatment solutions at various pH levels, 
only (Table 4.3), suggesting that the whitening effect was due to washing of blood 
from the surface of fillets. Removal of pigments such as haemoglobin and 
myoglobin from the intracellular and intercellular spaces, respectively, is unlikely to 
have occurred. 
The effect of H2O2 as a bleaching agent significantly (p < 0.05) improved the 
colour of carp fillets. The E values increased from an average of 7.65 for fillets at 
various pH levels but not treated with H2O2 to an average of 12.21, 19.13, and 
25.93 for levels of 1, 2, and 3% H2O2, respectively. There appeared to be a 
negative effect on colour caused by an interaction between H2O2 and pH at higher 
levels of each, since E decreased (Table 4.3) significantly (p < 0.05) for the pH of 
11.5, compared with other pH levels, when H2O2 concentration increased to 2% 
and also 3%. The strong oxidation effect of H2O2 lowered the pH of the treatment 
solution, thus, the  actual pH that is associated with a reduction in IE for carp 
fillets, after H2O2 addition of 2% or 3%, was ca. pH 10.1-10.3 (Table 4.1). 
According to James and McCrudden (1976), who investigated the effect of H2O2
on cod fillets, the most effective concentration for whitening was 0.85%. They 
found that higher concentrations of H2O2 did not produce a significant 
improvement in colour and their optimum pH for whitening at “any” temperature or 
H2O2 concentration was 10.5. They also indicated that higher pH (11.0) damaged 
the texture of the product and resulted in a springy mince. Young et al. (1979) 
evaluated the effect of various buffer solutions of pH (2 to 8-9 and 10.5) with 
mainly 0.75% H2O2 at “ambient temperature” on either  cod (Gadus morha), saith 
(Pollachius virens) and mackerel (Scomber scombrus) fillets or mince, and the 
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authors associated whitening of the fish samples with an increase in pigment 
solubility, particularly at alkaline pH. Brown et al. (1993) indicated that the highest 
“L value” (lightness) of the dark muscle of Alaska pollock fillets was produced by 
bleaching solution consisting of 2% H2O2 with 1% STP at pH 10.5. Himonides et al. 
(1999) reported no textural damage to the cod flaps treated with 7.5 g/L H2O2 at 
neutral pH (even after 2 h immersion), but where was “irreversible” damage at pH 
10.5 “possibly as a result of high pH affecting protein functionality” even after 
washing the treated flaps in cold running tap water (15 ± 2ºC) and immersing in a 
water bath for about 10 min. 
In our experiments, fibrous and spongy fillets were obtained only after treatment 
with higher concentrations of H2O2 (2– 3%), and in any case, the texture recovered 
after washing with tap water which also reversed the pH back to ca. 6.5 to 7.5. A 
possible explanation for the difference in the results obtained in this study and that 
carried out by Himonides et al. (1999) is that Himonides used cod flaps whereas 
light fillets of common carp were used in this study; a difference in both fish 
species and tissue test.  
Table 4.1 shows that addition of 2% or 3% H2O2 modified the pH of the bleaching 
solutions to range from 4.4 to just over 10 depending on the initial pH. While the 
pH ranges tested were virtually identical, the whitening effect of 2% and 3% H2O2
was different. The 3% H2O2 treatment produced significantly (p < 0.05) greater IE
value than the 2% H2O2 solution (Table 4.3). STP had a negative impact on colour 
of common carp treated with bleaching solution (H2O2 3%) as E decreased from 
ca. 25-30 in the absence of STP to ca. 10 -14 after STP (1 or 2%) was added 
(Table 4.3). In contrast, James and McCrudden (1976) indicated that the addition 
of 1% STP to bleaching solution “had a synergistic effect on both whiteness and 
texture.” In support of our study, Brown et al. (1993) reported that, although the 
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best results for whitening of Alaska pollock fillets came after the immersion of fillets 
in a bleaching solution of 2% H2O2 and 1% STP at pH10.5, this improvement was 
not due to the STP. In the absence of H2O2, applying STP (1%) at adjusted pH 
levels (7.0-11.5) significantly (p < 0.05) reduced the IE values of the carp fillets 
compared with fillets treated with only adjusted pH solutions. The E value 
decreased from an average of 7.6 to 1.3 with the addition of 1% STP. The 
influence of STP on colour was not significantly (p > 0.05) affected by the pH of 
the treatment solutions trialled (Table 4.3). 
The colour of the resultant surimi from untreated common carp fillets (Fig. 4.3A) 
was pinkish, compared with the white surimi derived from treated (with 3% H2O2 at 
initial pH 10.5 and no STP) common carp fillets (Fig. 4.3B), Alaska pollock (Fig. 
4.3C) and threadfin bream surimi (Fig. 4.3D).  
 
Figure  4-3 Surimi from untreated common carp fillets (A), treated1 common carp fillets (B), 
Alaska pollock fillets (C) and threadfin bream fillets (D), respectively. 
 
These surimi were next cooked at 90ºC ± 2ºC  for 30 min to produce kamaboko, 
and the colour values of the kamaboko were measured (Table 4.4). The only 
significant change in colour was a reduction in b* value (yellowness) which 
decreased from 0.09 for untreated carp kamaboko to -5.03 for treated carp 
kamaboko. 
The white appearance of the kamaboko from treated carp, both visually and 
quantitatively, was therefore mainly due to a reduction in yellowness (b*), since 
whiteness is based on the difference between L* and b* values (specifically L* -
A C DB
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3b*). Hultin and Kelleher (2000) reported also that colour improvement of light 
muscle of mackerel was primarily due to lower b* values (from 7.2 to 2.0). 
Significantly, the whiteness of the treated carp kamaboko was not different (p >
0.05) to that of the Alaska pollock but was significantly (p < 0.05) whiter than 
threadfin bream kamaboko (Table 4.4). 
Table  4-4 Colour parameters of kamaboko from samples tested. 
Tristimulous colour values  
(Mean ± SD) Kamaboko from; 
L* a* b* 
Whiteness 
Untreated common carp   71.21 ± -1.70Z -2.55 ± 0.32Z 0.09 ± 0.47z 70.94 ± 1.64z
Treated1 common carp  70.83 ± 0.88Z -1.97 ± 0.29Z -5.03 ± 0.26y 85.92 ± 0.80y
Alaska pollock  70.25 ± 2.04Z -2.51 ± 0.65Z -5.00 ± 0.40y 85.32 ± 0.85y
Threadfin bream  65.78 ± 1.52Y -1.84 ± 0.23Z -4.11 ± 0.57y 78.11 ± 1.04x
1 Treatment with 3% H2O2 at a final pH of 8.2 and no STP (Table 4.1).  
Different superscripts in the same column indicated significant difference (p < 0.05) according to a 
one-way ANOVA and LSD test. 
 
Like Himonides et al. (1999), this study found that the whitening effect of H2O2,
irrespective of concentration trialled, was superficial, and even injecting the 
treatment solution into the fillets to improve the efficiency of bleaching did not 
result in an even whitening in the centre (depth) of the fillets. Penetration of H2O2
was improved by chopping the fillets to ca. 2x2 cm to increase the surface area of 
the sample, producing a more even bleaching effect. This approach resulted in a 
colour improvement for the treated samples which was not significantly (p > 0.05) 
different from that obtained by the injection method (data not presented); however, 
increasing the surface area (rather that injecting) and soaking is a far more 
practical method of pre-treating the fish fillets for surimi manufacturing. Brown et 
al. (1993) reported that injecting or immersing the samples with bleaching 
solutions in ratio of 1:4 (w/v) were equally effective in reducing the colour of dark 
muscle fish.  
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4.3.2 Effect of treatment solutions on Water Holding Capacity 
(WHC) 
 
Increasing the pH of the treatment solution to 11.5 increased the WHC to 832 g/kg 
(Table 4.5) which was significantly greater (p < 0.05) than the WHC value for fillets 
treated with distilled water (pH 5.5). The addition of H2O2 (1-3%) significantly (p <
0.05) decreased the WHC of treated fillets compared with fillets treated only at 
different pH levels without H2O2 (Table 4.5). However, no significant difference (p
> 0.05) in WHC was found for fillets treated with 1, 2, and 3% H2O2. Furthermore, 
the interaction effect of H2O2 and pH on WHC was not significant (p > 0.05). The 
combined effect of STP (1 and 2%) and H2O2 (3%) on WHC also was evaluated. 
Adding STP to the treatment solution improved the WHC significantly (p < 0.05), 
compared with the same treatment without STP (Table 4.5). The positive effect of 
STP on WHC of various fish species was reported in other studies (James and 
McCrudden, 1976: Brown et al., 1993). To establish the positive effect of STP on 
WHC of common carp fillets, treatment with STP alone, without H2O2, was carried 
out. WHC increased significantly (p < 0.05) with added STP (1%) but without any 
significant (p > 0.05) difference within the pH levels (Table 4.5). 
The WHC of the resultant kamaboko made from common carp fillets treated with 
H2O2 (3%) at a final pH of 8.2 (initial pH 10.5), without STP was measured 
following the method of Himonides et al. (1999). WHC of treated carp kamaboko 
was slightly but significantly (p < 0.05) lower compared with 880 ± 3.5, 883 ± 3.2 
and 880 ± 2.6 g/kg for kamaboko from untreated common carp, Alaska pollock and 
threadfin bream, respectively. This indicates that H2O2 produces a negative effect 
on the capability of the resultant kamaboko for holding water molecules in the gel 
network.  
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Table 4-5 Water holding capacity (WHC) of common carp fillets1
1 After treating fillets with distilled water (DW pH 5.5), tap water (TW pH 6.2) or treatment solution without and with H2O2 (1-3%) and STP (1-2%) at different pH
levels by injecting, soaking and tumbling for 30 min at 4-10ºC.
2 pH of treatment solution before H2O2 addition. For actual pH of treatment solutions after H2O2 addition refer to Table 4.1.
3 Not relevant
Within each trial, different superscripts in the same column and row indicated significant difference (p < 0.05) according to a one-way ANOVA and LSD test.
Treatment
solution
Water holding capacity (g/kg)
(Mean ± SD)
Initial pH2 adjustment Distilledwater Tap waterT
r
i
a
l
 
H2O2
(%)
Added
STP
(%)
Added 7.0 8.5 10.5 11.5 pH 5.5 pH 6.2
0 0 815.98 ± 5.32y 820.87 ± 3.63y 828.60 ± 3.75x 832.29 ± 3.88x 805.44 ± 2.65z 808.62 ± 3.68z
1 0 805.51 ± 3.94z 814.62 ± 3.40w 814.91 ± 2.58w 816.31 ± 2.39wy NR3 NR
2 0 806.07 ± 3.47z 810.98 ± 1.65zw 813.92 ± 4.57wy 815.68 ± 2.05wy NR NR
A
3 0 802.88 ± 0.73z 804.95 ± 1.30zv 809.88 ± 6.63ywv 811.87 ± 4.47y NR NR
3 0 802.88 ± 0.73y 804.95 ± 1.30y 809.88 ± 6.63x 811.87 ± 4.47x NR NR
3 1 833.71 ± 2.36z 833.07 ± 1.38z 836.84 ± 3.40z 834.76 ± 2.70z NR NRB
3 2 842.07 ± 3.70w 840.27 ± 4.50w 841.77 ± 1.80wz 847.52 ± 4.60w NR NR
0 0 815.98 ± 5.32y 820.87 ± 3.63y 828.60 ± 3.75x 832.29 ± 3.88x NR NR
0 1 832.28 ± 2.00z 836.58 ± 3.54zw 838.26 ± 4.00w 840.87 ± 0.30w NR NRC
0 2 NR NR NR NR NR NR
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Raw data for measuring WHC (as an example) and analysis of variance (ANOVA) 
are presented in Appendices 4 and 5, respectively. 
4.3.3 Linear regression model 
 
Based on regression analysis, there is a linear relationship (R2=0.81) between 
colour deviation (IE) as a response and pH levels and H2O2 concentrations as 
variables (Equation 4-2). According to statistical analysis, only the correlation 
coefficient of H2O2 in this model is significant at p < 0.05. This suggest that main 
cause of variation in IE is H2O2 not pH and it can be supported by the model 
(Appendices 3 and 4). In terms of WHC there is a general linear regression 
(R2=0.63) with concentration of H2O2 in treatment solution at pH levels (Equation 
4-3), and the relationship between WHC and two variables (pH levels and H2O2
concentrations) is significant at 95% confidential level. 
;E = 8.46 - 0.33 pH + 6.85 H2O2 (%) Equation  4-2 
 
and  
 
WHC (g/kg) = 796.67 + 2.07 pH – 2.72 H2O2 (%) Equation  4-3 
 
To obtain more understanding about the effect of H2O2 treatment on the texture of 
common carp surimi and kamaboko at a molecular level some other parameters 
such as non-fracture rheological tests including stress sweep, frequency sweep 
and temperature sweep tests were conducted to monitor different stages of the 
thermodynamic sol-gel transition process. Furthermore, scanning electron 
microscopy (SEM) study was used to illustrate the microstructure of common carp 
surimi and kamaboko. The methods, results, and discussion for those experiments 
have been presented in chapter 5. 
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CHAPTER 5 RHEOLOGICAL AND MICROSTRUCTURE 
STUDY OF COMMON CARP (Cyprinus carpio) SURIMI 
AND KAMABOKO 
 
Submitted to the Journal of LWT-Food Science and Technology - Elsevier 
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5.1 INTRODUCTION 
 
Surimi, a protein extract, is produced by solubilizing myofibrillar proteins during the 
comminuting and salting stage of manufacturing. The resultant paste will gel on 
heating to produce kamaboko. 
Rheological evaluation is one of the useful techniques for gathering information on 
the textural characteristics of surimi gel structure, which has been used extensively 
to evaluate the dynamic behaviour of myosin, actin, and actomyosin during 
thermal gelation by researchers in this field (Sano et al., 1988, 1989a, 1989b). 
Rheological measurements of the surimi gel characteristics can be generally 
categorized as large (fracture) scale or small (non-fracture) scale gel analysis.  
In small scale gel analysis, the applied shear stress will introduce a shear strain 
(deformation) in the samples which is less than the threshold of binding strength in 
the gel matrix. Thus the applied shear stress will not cause a rupture in the 
microstructure but will elicit changes that are based on the microstructure of the 
gel matrix. By contrast, the principle of large scale gel analysis is to apply sufficient 
force to create a deformation that does result in a permanent change (a fracture) in 
the gel structure of the samples. 
In small scale (small amplitude oscillatory shear), the dynamic rheological 
characteristics of gel, such as storage modulus (GJ) and loss modulus (GQ), can be 
measured by causing relatively small strains especially during heating. Materials, 
according to Bourne (2002), could be in one of three forms; totally solid (therefore 
elastic), totally liquid (therefore viscous), while in between these two extremes, the 
material would exhibit both viscous and elastic characteristics, so that the material 
is referred to as being viscoelastic.    
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There are many studies on the thermodynamic behaviour of sol-gel 
transformations of muscle protein during heating of surimi produced from different 
fish species (Liu et al., 1982; Montejano et al., 1983, 1984; Wu et al., 1985; 
Noguchi, 1986; Sano et al., 1988; Alvarez and Tejada, 1997; Yoon et al., 2004; 
Ganesh et al., 2006). Several authors (Kim and Park, 2000; Klesk et al., 2000; 
Esturk, 2003) have pointed out that a range of factors, such as fish species, 
habitat temperature, protein concentration, and setting conditions, determine the 
final elasticity properties of a gel which has been has been transformed from paste 
by heat. Other studies focused specifically on the rheological characteristics of 
carp surimi by measuring its viscoelastic properties during thermodynamic sol-gel 
transition (Ni et al., 2001; Luo et al., 2004; Yuan et al., 2005) with varying results.  
Accordingly, this study was conducted to evaluate the rheological characteristics, 
temperature profile, and microstructure of common carp surimi made by the 
traditional method in comparison with surimi produced from treated common carp 
fillets (with 3% H2O2 for whitening of the resultant surimi) and threadfin bream 
surimi. 
 
5.2 MATERIALS AND METHODS 
 
5.2.1 Materials  
 
Fish and surimi 
 
As per general materials and methods, section 3.1
To prepare the whitened common carp surimi, light fillets were treated with 3% 
H2O2 at pH 8.2 applied by injecting, soaking and tumbling for 30 min at 4 -10ºC (as 
described in detail in chapter 4, section 4.2.5). 
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5.2.2 Surimi gel preparation 
As per general materials and methods, section 3.2.1
5.2.3 Colour evaluation  
As per general materials and methods, section 3.2.2
5.2.4 Measurements of texture properties 
5.2.4.1 Non-fracture test 
As per general materials and methods, section 3.2.4.1
5.2.4.2 Fracture Deformation Test 
A. Puncture Test 
As per general materials and methods, section (A)
B. Texture Profile Analysis (TPA) 
As per general materials and methods, section (B)
5.2.5 Temperature profile measurements 
 
To record the temperature profile of the surimi during cooking, three 
thermocouples (Type T, Company code: TT28-P) were mounted, at the centre and 
the corner of both ends of the stainless steel tube and then the tube was filled with 
surimi. The temperature of the heating medium (water) was recorded during the 
cooking process. The temperature was recorded by a Data Taker [DT 500 
(Datataker, Pty, Ltd. 7 Seismic Court, Rowville VIC 3178, Australia)] over a period 
of 30 min (in 30s intervals), starting once the tubes were submerged in hot (90 ± 
2ºC) water, as described under gel preparation (Chapter 3, section 3.2.1). A plot of 
temperature (ºC) versus time (min) described the temperature profile of the 
kamaboko process.  
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5.2.6 Scanning Electron Microscopy (SEM) 
 
SEM with a cryo-transfer device [(Alto 2100), Gatan UK, 25 Nuffield Way, 
ABINGDON, OX14 1RL, UK)] was used to study the gel matrix of surimi and 
kamaboko samples. Each specimen was formed or cut into a conical shape (2×2 
mm, base × height) with a Stanley knife, glued to the gold stage and then frozen 
with liquid nitrogen in the slushing station once the liquid nitrogen was converted to 
slush. To analyse the inner structure of the gel matrix, the tip of the specimen was 
fractured in a preparation chamber, and then transferred to the adjacent chamber, 
called the SEM cold stage, for sublimation at -90ºC for ca. 5 min. The specimen 
was coated with gold after being returned to the preparation chamber, using Argon 
sputtering for 90s. Finally, the gold-coated specimen was placed back into the 
SEM cold stage for scanning under 30 KV and 5.0 spot value. 
The electron micrographs were analysed by ImageJ program (ImageJ 1.34s, 
Wayne Rasband, National Institutes of Health, Bethesda, MD, USA) for the 
number, and area of polygonal structures in surimi and kamaboko gel matrices.  
5.2.7 Statistical analysis 
 
Texture data were analysed by one-way analysis of variance (ANOVA) and 
significant differences between mean values were determined by Least Significant 
Difference (LSD) test using a SPSS statistical package (SPSS, Inc. Headquarters, 
233 S, Wacker Drive, 11th floor, Chicago Illinois 60606, Version 13.0). 
5.3 RESULTS AND DISCUSSIONS 
 
5.3.1 Small deformation (No-fracture) properties of surimi gel 
5.3.1.1 Stress sweep test 
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According to figure 5.1 A and B, the stress values which resulted in a linear 
viscoelastic range for surimi pastes (from untreated and treated common carp and 
threadfin bream) before heating (at 10ºC) ranged from 10 to 200 Pa (Appendices 5 
and 6) and after heating (at 80ºC) to produce kamaboko, from 10-850 Pa 
(Appendices 7 and 8). As a result, the stress value was set at 100 Pa for the 
temperature sweep test, by which the structural development during gelation was 
evaluated. 
 
Figure  5-1 Stress sweep test for surimi at 10ºC (A) and kamaboko at 80ºC (B) for untreated 
(1) and treated1 (2) common carp, and threadfin bream (3). 
1 Fillets treated with 3% H2O2 at pH 8.2 by injecting, soaking, and tumbling for 30 min at 4-10ºC 
 
The linear viscoelastic range is not dissimilar to that reported by Kim and Park 
(2000) for Alaska pollock, which was linear when the stress was less than 400 Pa 
at 10ºC and 100-1000 Pa stress at 80ºC. The dynamic rheological parameters for 
surimi during the stress sweep showed that threadfin bream surimi (Fig. 5.1 A), at 
the beginning of the test had a higher GA at 2700 Pa than that of untreated and 
treated common carp surimi at 1700 and 1900 Pa, respectively. 
As the shear stress increases, GJ decreased while GQ increased to intersect at ca. 
380 Pa and 260 Pa for untreated and treated common carp surimi, respectively 
(Fig. 5.1 A). The GJ-GQ crossover point for threadfin bream surimi did not occur 
until ca. 670 Pa (Fig. 5.1 A) indicating that more energy is stored in the gel 
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network, so that the application of more stress is required  to alter the internal 
structure (Yoon et al., 2004). These same authors pointed out that, by increasing 
the applied shear stress prior to the cross-over point, GJ starts to progressively 
decrease as the result of breaking of the protein-protein interactions, thus 
releasing the energy stored in the surimi gel network. Beyond the cross-over point, 
there are fewer remaining bonds such that the amount of stored energy (G;) is 
correspondingly less than G9. In our study, the intersection of storage and loss 
modulus (GJ-GQ cross-over point) of surimi at 10ºC occurred at ca. 380 Pa and 260 
Pa for untreated and treated common carp surimi, respectively, whereas it was 
recorded at ca. 670 Pa for threadfin bream surimi (Fig. 5.1 A). This suggests that 
during setting, threadfin bream surimi forms more cross-linking of myofibrillar 
proteins than the other surimi tested. 
 
5.3.1.2 Temperature sweep test (G data)  
A. An increase in GA
The thermo-rheological behaviour of untreated and treated carp and threadfin 
bream surimi was evaluated using a temperature sweep test and reported using 
sol-gel transition thermographs (Fig. 5.2). The initial (at 10ºC) storage modulus (GJ)
of threadfin bream surimi was ca. 6500 Pa. This was significantly (P < 0.05) higher 
than that for untreated and treated carp surimi with GJ of ca. 670 Pa and 1120 Pa, 
respectively.  
For all tested surimi, as the temperature increased from 10ºC to 42ºC, the trend in 
the GJ curves was similar (Fig. 5.2A) as the GJ curve showed an obvious local peak 
at ca. 35ºC, 42ºC and 43ºC for  treated carp, threadfin bream and untreated carp 
surimi, respectively (Fig. 5.2A).  
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Figure  5-2 Sol-gel transition thermographs: storage modulus, GA
(A), loss modulus, GB (B) and phase angle (C) of 
untreated and treated1 common carp and threadfin 
bream kamaboko tested  
1 Fillets treated with 3% H2O2 at pH 8.2 by injecting, soaking, and 
tumbling for 30 min at 4-10º 
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An increase in GJ at the lower temperatures (up to 50ºC) is commonly referred to 
as the suwari stage of kamaboko processing. Stone and Stanley (1992), through a 
summary of previous research, explained that the suwari stage is associated with 
the cross-linking of actomyosin and myosin. Consequently, the quality 
characteristics of myosin in different species, in terms of ability to cross-link, would 
explain the extent to which GJ increased (suwari intensity) and the temperature 
range over which suwari occurred for different species. According to the GJ data of 
8 studies (Table 5.1), the increase in GJ occurred over an average temperature 
increase of ca. 10 degrees. The smallest increase was 5 degrees for flying fish 
surimi (Noguchi, 1986) and untreated carp surimi (our study). The largest increase 
in temperature was 15 degrees for flying fish myosin (Noguchi, 1986) and threadfin 
bream surimi (our study).  
The lowest temperature at which GJ was observed to begin increasing was 28ºC 
for flying fish myosin (Noguchi, 1986). By contrast, Noguchi (1986) recorded the 
start of suwari for Alaska Pollock surimi as occurring at 42ºC (Table 5.1). In 1999, 
Yongsawatdigul and park, who examined the sol-gel transition characteristics of 
Pacific Whiting and Cod myosin, reported that for Cod, dependent to the 
temperature rate (0.5-2 ºC/min) the suwari "onset" temperature varied from 
36.5ºC, to 38.6ºC, whereas for Pacific Whiting range of suwari temperature was 
from 30.0ºC to 32.1ºC. In a study conducted by Ganesh et al. (2006), based on a 
reported temperature sweep graph, the start of increase in GJ for fresh common 
carp meat is 45ºC (Table 5.1).  
B. A decrease in GA
Stone and Stanley (1992) stated that, by increasing the temperature over 45-50ºC, 
the gel matrix “partially disrupted to form a ‘broken net’ structure” known as the 
modori phase. Unlike Stone and Stanley (1992), Yoon and others (2004) explained 
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the modori stage as an alteration in the protein gel caused by an unfolding of 
myosin to produce a more fluid structure. Thus, the modori phase is associated 
with a decrease in the sol-gel transition thermographs. 
 
Table  5-1 Temperature (peak, minimum or range) of different stages of sol-gel transition of 
surimi based on storage and rigidity moduli. 
Parameters Fish species 
Increase in 
GA+
start – finish 
(Peak) 
Decrease in 
GA+
start – finish 
(Minimum) 
Kamaboko 
Temperatures+
start – finish 
 (Peak) 
Reference 
Carp (Cyprinus carpio)
surimi (untreated) 40-43ºC 43-47ºC 47-74ºC 
Threadfin bream 
(Nemipterus spp.) 
surimi 
38-42ºC  42-46ºC 46-73ºC 
Our study 
Fresh common carp 
meat 45ºC*  Not observed 75ºC* 
Ganesh  et 
al. (2006) 
Carp actomyosin 32-43ºC* 43-52ºC* 52-80ºC* 
Carp myosin 30-44ºC* 44-51ºC* 51-80ºC* 
Sano et al. 
(1988) 
Carp actomyosin 30-40ºC* 40-53ºC* 53-80ºC* Ni et al. (2001) 
Pacific whiting (90% 
moisture content) (45ºC) 
Alaska pollock 
(Theragra 
chalcogramma) at 90% 
moisture 
Not reported 
(43ºC) 
(74ºC) Yoon  et al. (2004) 
Alaska pollock surimi  42-52ºC* 52-59ºC 59-70ºC* 
Flying fish (Cypselurus 
pinnatibanbatus 
japanicus) myosin 
28-43ºC* 43-45ºC* 45-70ºC* 
Storage 
modulus 
(GA)
Flying fish surimi** 32-37ºC* 37-40ºC* 40-70ºC* 
Noguchi 
(1986) 
 
Alaska pollock (38ºC) 60-64ºC***  started at 64ºC Montejano et al. (1983) 
Atlantic croaker 
(Micropogan undulatus)
with Sand trout 
(Cynoscian arenarious)
surimi 
(39ºC)* 39-48ºC* 48-65ºC* Montejano et al. (1984) 
Atlantic croaker 
(Micropogan undulatus)
actomyosin  
30-36ºC* 36-45ºC* 45-60ºC* Wu et al.(1985) 
Modulus of 
Rigidity  
(G) 
 
Sardine (Sardina 
pilchardus) surimi (28ºC)* 35-48ºC* 48-80ºC* 
Alvarez  
et al. (1997) 
+ Temperature in brackets is the peak temperature for two protein aggregation stages and minimum for a 
protein unfolding stage. The temperature range for each stage is identified by the starting - 
finishing temperatures. 
*These values were obtained from graphical data reported in the reference; otherwise all data reported here 
are that quoted by the reference authors. 
**Flying fish surimi (9.6% protein) with sugars (sucrose and sorbitol) and polyphosphates. 
*** Montejano and others (1983) referred to a plateau zone between 60-64ºC as the protein unfolding (modori) 
stage. 
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In this study, a decrease in GJ started at ca. 42ºC and 43ºC and was completed by 
ca. 46ºC and 47ºC for threadfin bream and untreated carp surimi samples, 
respectively (Fig. 5.2A). For treated carp, decrease in GJ occurred as a plateau at 
ca. 35-46ºC. These temperatures were similar to the ranges reported by Sano and 
others (1988) for carp myosin and actomyosin as well as Ni and others (2001) for 
carp actomyosin. According to the GJ data from the studies recorded in Table 5.1, 
the decrease in GJ occurred during a 7 degree increase in temperature [an 
average over 8 studies (n=8)]. The lowest temperature for the beginning of protein 
unfolding stage was 37ºC for flying fish surimi (Noguchi, 1986), and the highest 
temperature at the end of this stage was 59ºC for Alaska Pollock surimi (Noguchi, 
1986). This data is summarized in Table 5.2.  
As surimi with 80 mL/100mL moisture was used in these experiments, the 
presence of a plateau instead of a detectible decline in GJ for treated carp, rather 
than the negative effect of H2O2 (3 mL/100 mL)on the surimi texture, could be due 
to the combined effect of low moisture content (Yoon et al., 2004) and species 
differences. 
 
Table  5-2 Summary of key temperatures cited in Table 1 for GJ values during sol-gel 
transition. 
Key temperatures for the sol-gel transitions 
 according to GA values for the stage of: Each stage –  
Start /during / 
completion  
Temperature 
Increase in GA
Decrease in 
GA
Kamaboko 
Start Lowest  cited 25ºC 37ºC 40ºC 
Increase (average) 10.6 degrees* 7 degrees*
24.5 
degrees** 
During 
Increase (range) 
5 to 15 
degrees 
2 to 13 
degrees 
11 to 30 
degrees 
Average 42.6ºC * 48.3ºC *** 74ºC *** 
Completion 
Range 37-52ºC 40-59ºC 70-80ºC 
n=8, **n=9, and ***n=10 that is, the results from 8, 9 and 10 studies, respectively (as recorded in table 1) 
formed the basis of these figures.  
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C. Formation of a firm gel (kamaboko) 
By increasing the temperature, transformation of a surimi sample to kamaboko is 
associated with a sharp increase in GJ values following with a slightly straight line. 
For treated and untreated carp and threadfin bream samples the peak GJ values 
were ca. 29×103 Pa (at 56ºC), 290 ×103 (at 63ºC) and 309×103 (at 59ºC), 
respectively (Fig. 5.2A). Then, up to 80ºC, the GJ remained nearly constant. Yoon 
and others (2004) found that, during heating of Alaska Pollock and Pacific whiting 
surimi, gel formation (kamaboko) was completed at 74ºC resulting in the highest GJ
for both surimi tested. From 10 studies that reported GJ data (Table 5.1), the 
temperature (on average) at which kamaboko was considered completed was also 
ca. 74ºC. From these same 10 studies, the temperature at which the final stage of 
sol-gel transition was completed ranged from 70 to 80ºC (Table 5.2), whereas 
Suzuki (1981) suggested that this transition (the entire kamaboko stage from start 
to finish) occurred from 65ºC to 70ºC. The extent of the increase in GJ values 
during the temperature sweep test (at ca. 10 to 80ºC) varied significantly (P < 
0.05). Threadfin bream and untreated carp surimi experienced the greatest 
increase in GJ values; 504 and 345 fold increase, respectively. Treated carp, with 
less than 34 fold increase, experienced the lowest rise in GJ values. This indicates 
that more cross-linking of proteins, along with the associated storage of energy, 
had occurred in the gel matrix of threadfin bream and untreated carp kamaboko. 
This gave rise to more elastic kamaboko compared with that of treated carp.  
5.3.1.3 Temperature sweep test (G data) 
In our study, G9 also decreased over temperature ranges of ca. 48-50ºC, 27-44ºC 
and 28-48ºC for threadfin bream, untreated and treated carp surimi, respectively 
(Fig. 5.2B).  The G9 thermographs reported by Ni and others (2001) showed that  
the modori stage of carp actomyosin “paste” started at 28ºC and was completed  
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by 55ºC (Table 5.3). This final temperature for the modori stage of carp 
actomyosin is 11 degrees higher than the final temperature for the modori stage 
(as indicated by G9 data) of untreated carp in this study.  This disparity in 
temperature could be explained by the difference in the moisture content of the 
surimi tested, 91% for the study by Ni and others (2001) and 80% in this study. 
 
Table  5-3 Peak or range of suwari, modori and kamaboko temperature based on loss 
modulus, apparent energy loss, phase angle < and tan (<)
* As per table 5.1. 
 
Parameters Fish species 
Increase in GA+
start – finish 
(Peak) 
Decrease in 
GA+
start – finish 
(Minimum) 
Kamaboko 
Temperatures+
start – finish 
 (Peak) 
Reference 
Common carp Not observed 27-44 44-72 
Threadfin bream 32-45ºC 45-48ºC 48-57ºC 
Presented 
study 
Carp actomyosin 21ºC* 50ºC* “Relatively unchanged” 
Carp myosin 36ºC* 36-57ºC* 57ºC*  
Sano et al. 
(1988) 
Fresh common 
carp meat 50-75ºC* Not apparent 50-75ºC* 
Ganesh et 
al. (2006) 
Carp actomyosin 28ºC* 28-55ºC* Relatively unchanged 
Ni et al. 
(2001) 
Alaska pollock 
surimi  20ºC* 20-45ºC* 
Relatively 
unchanged 
Flying fish myosin 28-33ºC* 33-47ºC* Relatively unchanged 
Loss 
modulus 
(GB)
Flying fish surimi 15-27ºC* 37-41ºC* Relatively unchanged 
Noguchi 
(1986) 
 
Apparent 
energy 
loss (%) 
Combination of 
croaker and sand 
trout surimi 
22-36ºC 
> 36ºC 
(become 
steeper 
between 42-
55ºC) 
55-80ºC 
Montejano 
et al. 
(1984) 
Common carp 
surimi 29-44 44-61 61-69 Phase 
angle (<) Threadfin bream 
surimi 16-29 29-50 50-75 
Present 
study 
Fresh common 
carp meat 30-36ºC* 36-39ºC* 39-57ºC* 
Frozen common 
carp meat 36-42ºC* 42-57ºC* 57-81ºC* 
Ganesh et 
al. (2006) 
Carp actomyosin 21-41ºC* 41-47ºC* > 47ºC* 
Tan <
Carp myosin 34ºC* 43ºC* 57ºC* 
Sano et al. 
(1988) 
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The possible explanation is that increasing of moisture content lowering the 
concentration of myofibrillar proteins which consequently produce a weak gel. 
Such a gel will be broken at lower temperature at the beginning of modori whereas 
it will take more time and consequently higher temperature to re-aggregate at the 
end of modori stage. 
5.3.1.4 Temperature sweep test [phase angle (<) data] 
Another indicator of surimi elasticity and viscosity is the phase angle (G) (Ganesh 
and others, 2006) initial G (at 10ºC) for all tested surimi was recorded at ca. 15, 28 
and 36 degrees for threadfin bream, treated and untreated carp surimi, 
respectively (Fig. 5.2C). Thus, the elastic properties of the surimi in our study were 
more extensive than the viscous characteristics of the surimi.  
Kim and Park (2000) stated that the typical value of G for surimi paste would be 45 
degrees, since surimi, “is a viscous material”. However, it would be expected that 
at a G of 45 degrees, a material would have balanced viscoelastic properties. The 
surimi tested in this study was clearly more elastic than what Kim and Park (2000) 
suggested. However, this difference could be due to factors such as processing 
method, moisture content, protein concentration, apparatus type and etc. 
At the end of the heating process (at ca. 90ºC), G had decreased to ca. 4.0, 5.5 
and 0.7 degrees for threadfin bream, treated and untreated carp kamaboko, 
respectively. This represents a decrease in G of at least 73% compared with the 
initial value (Fig. 5.2C). Yongsawatdigul and Park (1999), reported that during 
thermal aggregation of Cod myosin at low rate (0.5ºC/min), higher storage 
modulus is associated with lower phase angle, "indicating a more elastic gel 
network".  
According to Kim and Park (2000), the G value of “elastic products such as surimi 
protein gels” is near to 10 degrees. The G values obtained in this study, especially 
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for untreated carp kamaboko, are again lower than the suggested value by Kim 
and Park (2000). Thus, the kamaboko gels prepared in our study are more elastic 
in nature. Despite this, the general trend of increased elasticity after cooking that is 
proposed by the Kim and Park (2000) study is consistent with our results. 
5.3.1.5  General analysis of temperature sweep test parameters 
Examination of the literature on small scale deformation reveals that there is a very 
wide range of reported values for the parameters GJ, G9, modulus of rigidity (G), G,
and tan G. The temperature at which these parameters peak or reach a minimum 
is highly variable from study to study. For example, the final peak GJ values for the 
suwari stage from 9 studies (Table 5.1) occurred at temperatures between 37ºC 
and 52ºC; a range of 15 degrees (Table 5.1 and 5.3 summarized in Table 5.4). 
The reported modulus of rigidity was marginally less variable with peak 
temperatures between 28ºC and 39ºC over 4 studies (Table 5.1); a range of 11 
degrees. This variability in results is not surprising. As mentioned earlier 
rheological parameters, like GJ, are dependent on a number of factors including 
fish species, protein percentage and type, moisture content, setting conditions, 
rheometer (type and parameters used to analyse) and heating rate. Consequently, 
the results are not necessarily comparable, even for the same fish species.   
There is no clear consensus on the relative significance of the commonly reported 
parameters (Table 1 and 3). Using data for carp, the key temperatures from the 
literature for the sol-gel transition according to the GJ, G9 and tan G (and G) were 
summarized in Table 4.  There are two main trends that can be discerned from this 
data, each a substitute of the other. On the one hand, GJ and tan G (and G) indicate 
a similar temperature for a particular stage of the sol-gel transition. On the other 
hand, if this is not the case, tan G (and G) indicate the transition as occurring at a 
lower temperature than that indicated by GJ for a particular stage (suwari, modori or  
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kamaboko). These trends could be based on the mathematical relationships 
between these parameters. 
 
Table  5-4 Summary of sol-gel thermographic data for carp (as the raw material) as cited in 
Table 5.1 and Table 5.3. 
Key temperatures for the sol-gel transitions  
according to: 
Stage 
Each stage -
Start+ / during / 
completion  
Temperature Storage 
modulus (GA)
Loss 
modulus (GB)
Phase angle (<)
and Tan <
Increase (average) 10 degrees* NA++ 10 degrees** 
During 
Increase (range) 5 to 14 degrees NA 6 to 20 degrees 
Average 42.8ºC * 32.4ºC * 39.4ºC * 
Suwari 
Completion 
Range+ 40-45ºC 21-50ºC 34-44ºC 
Increase (average) 8.5 degrees** 21degrees*** 8.8 degrees** 
During  
Increase (range) 5 to 13 degrees 17 to 25 degrees 3 to 13 degrees 
Completion+ Average 50.8ºC * 51.5ºC ** 48.8ºC * 
Modori 
 Range+ 47-53ºC 44-55ºC 43-57ºC 
Increase (average) 27.7degrees** NA 18 degrees*** 
During  
Increase (range) 27 to 29 degrees NA 
12 to 24 
degrees 
Average 77.8ºC * 68ºC *** 66ºC ** 
Kamaboko 
Completion  
Range   74-80ºC 57-75ºC 57-81ºC 
* n=5, **n=4, and ***n=3 studies, that is, the results from 5 , 4 and 3 studies, respectively (as recorded in table 
1 or table 3) formed the basis of these figures.  
+ The starting temperatures for the modori and the kamaboko stages are equivalent to the temperatures at 
completion of the suwari and modori stages, respectively. 
++NA not available 
 
There are a number of significant limitations to this analysis. Firstly, the 
experimental data available for carp from the literature was limited to 5 studies (in 
some cases 3 studies because the specific values for the parameters were not 
available from the literature). Secondly, the researchers involved (Sano et al., 
1988; Ni et al., 2001; Ganesh et al.,, 2006; and this study) may have selected 
different experimental variables, which would affect the values obtained for GJ, G9
and tan G (and G) in each study. Given these issues, it is significant that a trend is 
discernable at all. 
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5.3.2 Large scale (Fracture) properties of surimi gel 
5.3.2.1 Puncture test 
 
The average force required to break threadfin bream kamaboko is significantly (p <
0.05) greater than that required to break either untreated or treated common carp 
kamaboko (Table 5.5). The breaking distances or deformation recorded at 5.34, 
5.96 mm, for threadfin bream and untreated carp kamaboko, respectively, were 
significantly (p < 0.05) deeper than the 4.5 mm deformation for treated carp 
kamaboko. The results show that the application of H2O2 for whitening of common 
carp light fillets has impacted negatively on both the breaking force and the 
breaking distance of the resultant kamaboko, compared with that for kamaboko 
from untreated carp fillets. Raw data have been presented in appendix 9. 
 
Table  5-5 Puncture test results for tested kamaboko 
1Each mean value is average of three replicates. 
2Standard Error 
3Fillets treated with 3% H2O2 at pH 8.2 by injecting, soaking, and tumbling for 30 min at 4-10ºC. 
Different superscripts in the same column indicated a significant difference (p < 0.05) according to 
a one-way ANOVA and LSD test. 
 
Unfortunately, most researchers have concentrated on TPA rather than a puncture 
test to determine the effect of H2O2 on kamaboko texture. Jiang et al. (1998) used 
the puncture test to evaluate the whitening agent ozone. They found that 
deformation of the mackerel (ozone-treated) kamaboko decreased from ca. 6.0 
mm to ca. 4.5 mm with no significant (p < 0.05) effect on the breaking force over a 
pH range of 3 to 10. 
Fracture values (Mean1 ± SE2)
Kamaboko from 
Breaking force (g) Breaking distance (mm) 
Gel strength 
(g.mm) 
Untreated common carp 76.02 ± 1.54z 5.96 ± 0.33z 438.48 ± 32.68z
Treated3 common carp 61.27 ± 1.21y 4.51 ± 0.19y 276.31 ± 6.79y
Threadfin bream 107.02 ± 2.19x 5.34 ± 0.01z 571.35 ± 11.00x
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In 2004, Benjakul and his co-workers testing titanium dioxide (0.01 – 0.1%) as a 
whitening agent found that neither the breaking force nor the breaking distance of 
big-eye snapper (Priacanthus tayenus) and mackerel (Trachurus japonicus)
kamaboko was affected by the treatment. 
As gel strength is a multiple of breaking force (g) and breaking distance (cm or 
mm), it is affected by the trend in both contributing parameters. The gel strength of 
kamaboko prepared from both treated and untreated common carp surimi were 
significantly (p < 0.05) lower than that of threadfin bream kamaboko (Table 5.5), 
confirming that threadfin bream kamaboko is most likely a better commercial 
product than kamaboko prepared from light fillets of female common carp, 
prepared  by the traditional method as in these trials. 
Kim and Park (2000) were of the opinion that gel strength was not a meaningful 
measure of the textural properties of gels, particularly as force and distance were 
affected by different characteristics; quantity and quality of proteins, respectively. 
As a result, it was possible to obtain a trend in gel strength that contradicted the 
trend in one of the contributing parameters. Based on this, the authors suggested 
that to correctly indicate the textural characteristics of the gel, the two parameters 
(force and deformation) should be reported separately, not in combination. The 
authors of this paper are in agreement with Kim and Park (2000), even though in 
these studies, the trend in all three parameters was consistent. 
5.3.2.2 Texture profile analysis (TPA) 
 
The TPA results for kamaboko gels tested are presented in table 5.4. Although 
treating common carp fillets with H2O2 did whiten the fillets significantly (Jafarpour 
et al., 2008), the treatment had an adverse effect on the texture of the resultant 
kamaboko, such that the gel produced had significantly (p < 0.05) poorer texture 
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characteristics, based on TPA, than kamaboko from untreated common carp or 
threadfin bream (Table 5.6 and row data in appendix 10).  
Table  5-6 Texture profile analysis (TPA) for kamaboko samples tested 
TPA values for Kamaboko (Mean1 ± SE2) from: 
TPA parameters Treated3 common 
carp 
Untreated common 
carp 
Threadfin 
bream 
Hardness (N) 13.18 ± 0.38z 15.06 ± 0.03y 23.22 ± 0.48x
Cohesiveness 0.52 ± 0.00z 0.54 ± 0.01y 0.54 ± 0.02y
Adhesiveness (N/s) -0.58 ± 0.01z -0.99 ± 0.01y -1.03 ± 0.14x
Stickiness (N) -0.26 ± 0.02z -0.46 ± 0.03y -0.60 ± 0.06x
Gumminess 6.86 ± 0.17z 8.17 ± 0.20y 12.45 ± 0.44x
Elasticity 0.93 ± 0.01z 0.99 ± 0.00y 0.99 ± 0.00y
1, 2 and 3 as per table 5.5 
Different superscripts in the same raw indicated a significant difference (p < 0.05) according to a 
one-way ANOVA and LSD test. 
 
Kamaboko from untreated common carp was as cohesive and elastic as 
kamaboko from threadfin bream, but threadfin bream was significantly (p < 0.05) 
firmer (harder), more sticky (adhesiveness and stickiness) and gummy.  
Himonides et al. (1999) reported that using 5-8 g/ml of H2O2 at a neutral pH for 
whitening cod flaps had no negative effect on the texture (hardness) of the 
resultant cooked mince. It should be noted, that based on several researchers’ 
observations (Reppond & Babbitt, 1997; Sankar & Ramachandran, 2002), the 
results obtained from the puncture test and TPA are dependant on the setting 
conditions, moisture content of the kamaboko, additives (sugars, pyrophosphates, 
polyphosphates, etc.) used and the fish species. Furthermore, Lee and Chung 
(1989) concluded that the two tests, puncture and compression, are evaluating 
different gel properties, since the characteristics being measured are density 
(“degree of compactness”) and comprehensive binding properties, respectively. 
Temperature profile of surimi gel 
Based on figure 5.3, the ‘come-up’ time for the temperature at the geometric 
centre of the heated surimi to increase from ca. 4ºC to ca. 90ºC ± 2ºC was 15 min.  
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Figure  5-3 Temperature profile1 of untreated and treated2 common 
carp and threadfin bream kamaboko and the heating 
medium (water) as the reference  
1 Temperature profile based on an average of duplicate readings 
2Fillets treated with 3% H2O2 at pH 8.2 by injecting, soaking, and 
tumbling fillets for 30 min at 4-10ºC 
To complete kamaboko processing all samples were kept for a further 15 min at 
that temperature before cooling, resulting in a total cooking time of 30 min (at 90ºC 
± 2ºC). The heating profiles (Fig. 5.3) for the surimi samples tested were similar, 
irrespective of the source of the surimi. Thus, any differences in the textural 
characteristics of the kamaboko tested (reported in the previous section, 5.3.2)
were not a result of differences in the heating profiles during the conversion of 
surimi to kamaboko. Thus, the consistency of the heating process indicates that 
the simple approach to varying the heating profile would not necessary improve 
the gel characteristics of the common carp to match that of the threadfin bream.   
 
5.3.3 Scanning Electron Microscopy (SEM) 
 
The microstructure of untreated and treated common and threadfin bream surimi 
and kamaboko gels were analysed by SEM (Fig. 5.4). All surimi samples exhibited 
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similar lacy networks which could be caused by the aggregation of the myofibrillar 
proteins after comminuting and salting of fish mince. Sato and Tsuchiya (1992) 
demonstrated that, after mixing salt into the mince and then massaging, the final 
mince texture consisted of only one type of filament with a 7 nm diameter. From 
this, Sato and Tsuchiya (1992) suggested that the processing of surimi destroyed 
the myofibrillar structure and that the monomer produced reacted with myosin.  
In our study, a quantitative comparison of the surimi gel networks was carried out 
by measuring the number and average area of the polygonal structures in these 
gel networks. The SEM (×1200) of all tested surimi showed a similar pattern of 
cross-linking which formed on an average 8100 ± 45 (mean ± standard deviation; 
n= 3) polygonal structures/mm2 with an average area of 38.57 ± 7.18 hm2 (Fig. 5.4 
A1, 2 and 3).  
Based on Fig. 5.4 (B1, 2 and 3), the gel microstructures of treated and untreated 
common carp kamaboko were less compact than that of threadfin bream 
kamaboko. This compactness could be quantified in terms of fewer and larger 
polygonal structures, as there were 4800 ± 71 and 9500 ± 20 polygonal structures 
/mm2 with an average area of 55.35 ± 14.43 hm2, and 24.36 ± 2.32 hm2, for 
treated and untreated common carp kamaboko, respectively. By contrast, the 
microstructure of kamaboko from threadfin bream consisted of 13650 ± 62 
polygonal structures/mm2, with an average area of 15.71 ± 1.05 hm2, at the same 
magnification (×1200). 
The difference in the microstructure of surimi and kamaboko has been explained 
by several authors (Taguchi et al., 1987; Sano et al., 1988, 1990a, b) as they 
associated the compactness of kamaboko gel matrix due to more protein 
interactions compared with that of surimi gel. 
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Figure 5-4 Scanning Electronic micrograph (×1200) of untreated and treated1 common carp and threadfin bream surimi (A1, 2 and 3) and kamaboko
(B 1, 2 and 3), respectively.
1Fillets treated with 3% H2O2 at pH 8.2 by injecting, soaking, and tumbling fillets for 30 min at 4-10ºC
A1
B3B2B1
A3A2
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Alvarez et al. (1999), by analysing just the surface microstructure of sardine surimi 
and kamaboko, associated the optimum texture with an increase in “fibrillar 
structures of varying thickness” and low quality texture with “few fibrillar zones and 
large areas of coagula”. On the other hand, Luo et al. (2004) described the best 
texture of Alaska pollock surimi, with 10% soy protein isolate (SPI), as one with “a 
coarse and dense structure” and such a “dense aggregated protein structure” was 
noted for common carp surimi (without SPI). 
One factor that could explain the poor results for carp is the extent of protein loss 
during the washing cycles for surimi processing, combined with damage (Fig. 5.2 
and Table 5.3) to the remaining proteins for muscle treated with 3% H2O2. To 
examine the first possibility (protein loss) another approach to the process of 
making surimi from common carp was examined. In the modified approach 
centrifugation as a dewatering device instead of decanting (combined with the use 
of a cheese cloth and wine press) was used. The effect of this modification plus 
some other alternative methods for making surimi from common carp are 
examined and discussed in chapter 6. 
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CHAPTER 6 ALTERNATIVE TECHNIQUES FOR MAKING 
A QUALITY SURIMI AND KAMABOKO FROM COMMON 
CARP 
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6.1 INTRODUCTION  
 
The demand for fish protein throughout the world is increasing faster than the 
supply using traditional resources. This demand is one of the reasons that has led 
to the over-fishing of many of the more traditional species and has required 
governmental intervention to prevent eradication of these species.  
Based on FAO statistics (2007) on stock group studies, around one-quarter of the 
monitored fish were “underexploited or moderately exploited” (3% and 20% 
respectively. It was reported that more than 50% of the stocks “were fully 
exploited” which is very close to their maintaining ecological balance. The status of 
25% remaining was very dramatic as they were declared as “either overexploited, 
depleted or recovering from depletion” (17%, 7%, and 1%, respectively), due to 
extra catchment pressure occurred during the past years. 
This phenomenon caused dramatic changes in some related industries such as 
surimi since about 2-3% of the world fisheries supplies are used for the production 
of surimi products (Vidal-Giraud & Chateau, 2007). As well as this, the surimi 
market is expanding around the world. The United States of America and Japan 
are major producers of surimi and surimi-based products with the role of Asian 
countries as surimi producers increasing. Europe is the second largest world 
market for surimi and surimi products after Japan. According to FAO reports 
(Catarci, 2007), the surimi import level into Europe has shown an annual growth 
rate of 12% (by volume) from 1999 to 2006. 
To address the gap between supply and demand in the surimi market, utilizing 
different fish species, and improving processing technology has been considered 
possible solutions. Given the potential of inland fish farming [contributing about 
50% to the annually fish catchments (Catarci, 2007)], fresh water fish can be 
utilized as another source of fish muscle for the surimi industry. As the final yield is 
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an important consideration in commercial processing, developing a technique 
which retains more proteins from the fish muscle would be seen as advantageous. 
The conventional technique has been criticized by Kristinsson and his colleagues 
(2005) because of the significant loss in yield during the several washing steps 
required in traditional (conventional) method. The alternative technique for making 
surimi is pH-shifting method which was discussed in chapter 2, section 2.5.
It is believed that in acid-alkaline aided methods for making surimi, the Sp-P will be 
retained in the gel matrix and ultimately increase the gel strength of the resultant 
kamaboko without interfering with the myofibrillar proteins (Shimizu & Ikeda, 1979; 
Morioka & Shimizu, 1990, 1992; Nowsad et al., 1995; Kim et al., 2005). If this was 
the case, then a significant improvement in protein utilization would have occurred. 
This is because about 30 to 35% of the total muscle protein, which contribute 
about 5% to the weight of the muscle (Asghar et al., 1985), consists of Sp-P 
(depending on the species).  
However, it has been postulated (Kristnsson & Hultin, 2003a) that application of an 
alkaline solution (pH = 11.0) will have structural damage on the myofibrillar 
proteins (incomplete refolding of light myosin chains). Consequently, such damage 
will reduce the gel strength of resultant kamaboko gel. To examine if this is the 
case for common carp surimi and kamaboko, this study modified the alkaline-aided 
method (AAM) to an alternative method known as pH modified method (PMM). 
The principle of PMM is based on retaining of Sp-P into the surimi gel, as AAM 
does, without applying extreme pH treatment to avoid damage imposing on the 
myofibrillar proteins. 
On the other hand, the positive or negative rule of Sp-P on the quality properties of 
surimi and kamaboko is still under debate. Hence in this study, the traditional 
method (TM) of making surimi which is based on removing of Sp-P during washing 
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cycles was modified to its alternative method as modified conventional method 
(MCM) in order to optimise the resumption of myofibrillar proteins and removing of 
Sp-P during washing stage. Therefore, the aim of this study was to investigate the 
gel characteristics of common carp surimi and kamaboko prepared by different 
methods: traditional method (TM), a modified conventional method (MCM), 
alkaline-aided method (AAM) and pH-modified method (PMM). Furthermore, the 
extent to which Sp-P affected the quality properties was evaluated, as TM and 
MCM remove Sp-P whereas AAM and PMM retain some Sp-P in the surimi gel 
network. The quality of the prepared surimi and kamaboko was evaluated by 
measuring the colour, textural characteristic (fracture and non-fracture tests), 
quantitative and qualitative protein analysis, as well as examining the 
microstructure. 
6.2 MATERIALS AND METHODS 
6.2.1 Materials  
6.2.1.1 Fish  
 
As per general materials and methods, section 3.1
6.2.1.2 Surimi 
 
Carp surimi was prepared from light fillets by the traditional (TM), modified 
conventional (MCM), alkaline-aided (AAM) and pH-modified (PMM) methods.  
In MCM,  ca. 150 g of fish mince was mixed with cold water (i 4ºC) in a ratio of 
1:4, respectively, and the paste was centrifuged (BECKMAN J2-21M/E with Rotor 
JA-14, 14000 Max RPM) at 10,000 ×g for 20 min at 4ºC to remove blood and Sp-P 
from the mince. This washing step was repeated two more times (in total three 
washing cycles). After the 3rd washing cycle, ca. 0.2% NaCl was added to 
completing the dewatering step (by assisting the draining of intercellular water) 
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and then the precipitated paste was used for making surimi. A sample of 
centrifuged mince has been showed in appendix 11. 
In the AAM, the same amount of fish mince (150 g) was added to cold distilled 
water (at the ratio of 1:9, respectively) and homogenised with a Waring blender in 
two steps, each of 30s, at low and high speed, respectively. Then the pH of 
homogenate (in a plastic beaker held on ice) was increased to 11.5 with 2M NaOH 
to solubilizing the myofibrillar proteins. The homogenate was poured into 
appropriate tubes (200 mL) for centrifugation at 10,000 ×g for 20 min at 4ºC. Then 
the supernatant, containing soluble proteins, decanted in a plastic beaker held on 
ice was precipitated by reducing the pH to the isoelectric point (5.5) with 2M HCl. 
The sediment, mostly connective tissues, cell walls and phospholipids, was later 
discarded. The schematic steps of AAM have been presented in appendix 12. 
After readjusting the pH to 5.5, the second centrifugation was carried out at the 
same speed, time, and temperature. After discarding the supernatant, the pH of 
the precipitate of the homogenate, the isolated proteins, was readjusted to 
neutrality (pH 7.0) and used for making surimi.  
In the PMM, after making a homogenate paste by adding 9 parts of cold water 
(4ºC) to one part mince followed by homogenization, only two stages of pH 
modification were implemented. Firstly, pH of the homogenate was reduced to 5.5 
with 2M HCl followed by centrifugation (at 10,000 × g for 20 min at 4ºC). Secondly, 
pH of the precipitation was increased to 7.0 with 2M NaOH. This section, which 
included most of Mf-P and connective tissues and excluded most of Sp-P, was 
used for preparing surimi. 
6.2.2 Surimi gel preparation 
As per general materials and methods, section 3.2.1
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In this experiment, the moisture content of surimi gel samples was adjusted to 
85%. 
6.2.3 Colour evaluation  
As per general materials and methods, section 3.2.2
6.2.4 Measurements of texture properties 
6.2.4.1 Non-fracture test 
As per general materials and methods, section 3.2.4.1
6.2.4.2 Fracture Deformation Test 
A. Puncture Test 
As per general materials and methods, section (A)
B. Texture Profile Analysis (TPA) 
As per general materials and methods, section (B)
6.2.5 Protein recovery 
 
For measuring the amount of protein, a sample (about 10 g) of each surimi gel was 
weighed, mixed with cold (i 4ºC) Milli-Q water at ratio of 1:10 (gel:water) and 
homogenized by a tissue tearer (S25N-10G, ID No. 0594000) at a speed of 4 (out 
of 7) in two stages, each of 30s. Before the second homogenizing, the pH of the 
solution was increased to 11.5 by 0.2 M NaOH. All procedure was done in a plastic 
beaker held on ice to keep the temperature between 4-10ºC. After appropriate 
dilution, the protein concentration of each sample was determined by the BCA 
method (Bollag & Edelstein, 1991b). Table 6.1 shows which steps from the surimi 
preparation methods trialled the proteins samples have been collected.  
6-7
Table  6-1 Protein samples collected from different steps of the surimi preparation methods 
trialled 
Collected sample from following 
steps* Method Sample source 
I II III 
Fish muscle NA NA NA 
Mince   Traditional method (MCM) 
Water   
Fish muscle NA NA NA 
Mince   Modified conventional method (MCM) Water   
Fish muscle NA NA NA 
Supernatant  (step I) or 
Sediment (step II)   NA Alkaline-aided method (AMM) 
Sediment (step I)  or 
Supernatant (step II)   NA 
Fish muscle NA NA NA 
Mince  NA NA pH modified method (PMM) 
Water  NA NA 
*Steps I, II and III for the TM and MCM refers to washing order: 1st, 2nd and 3rd washing and 
centrifugation, respectively. 
 Steps I and II for AAM refers to 1st and 2nd centrifugation 
Step I for PMM refers to sediment and supernatant after 1st centrifugation 
6.2.6 SDS-PAGE gel electrophoresis 
 
Surimi prepared by the four procedures was analysed by SDS-PAGE 
electrophoresis. Samples of wash water and surimi paste from TM, MCM, AAM 
and PMM were collected as stated in Table 6.1. The protein profile of TM surimi 
was used as a control. The protein samples to be analysed were serial diluted with 
Milli-Q water to ca. 3 mg/mL concentration. Samples were frozen in a blast freezer 
at -80ºC after a protease inhibitor solution [at ratio of 1:25 (v/v), prepared from a 
‘cocktail’ tablet (Roche, Complete EDTA-free, Ref. 11873580001)] was added to 
the sample, respectively. A pre-cast ingredient gel [Invitrogen, NuPAGE® 4-12% 
Bis-Tris Gel 1.0mm × 12 well (Cat No. NP 0322BOX)] was used. After thawing, an 
aliquot (20 hL) of each protein sample was mixed with 5 hL sample buffer (Bollag 
& Edelstein, 1991a) followed by heating in a hot water bath at 100ºC for 5 min, 
before a sample (15 hL) was loaded into a slot or well on the gel by a micropipette. 
An unstained protein ladder [PageRulerTM Unstained Protein Ladder (Fermentas k
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SM0661)] used as the marker, ranged from 10-200 KDa. The gel was placed into a 
gel tank (XCell SureLockTM, Invitrogen) filled with MOPS (Bollag & Edelstein, 
1991a) gel buffer, and the gel tank was connected to a power pack (Bio-RAD 
Power PAC 3000) supplying a voltage increasing from 85 V to 120 V with current  
between 80-90 mA for ca. 90 min. After that, the gel was stained with Coomassie 
Blue (Bollag & Edelstein, 1991a) staining solution for ca. 45 min and then 
destained with ca. 100 mL acetic acid (10% glacial acetic acid, 10% methanol, and 
80% Milli-Q water) solution for ca. 2 h.   
6.2.7 Scanning Electron Microscopy (SEM)  
As per materials and methods, section 5.2.6
6.2.8 Statistical analysis 
Texture data were analysed by Minitab 14 and significant difference between 
mean values were determined by one-way ANOVA and Tukey test. 
6.3 RESULTS AND DISCUSSIONS 
6.3.1 Colour measurement 
The colour values of surimi have been illustrated in Figure 6.1. TM surimi and 
kamaboko had significantly (p < 0.05) lower L* values and consequently lower 
whiteness than that recorded for the other surimi samples tested (Fig. 6.1 and 6.2). 
For raw data related to colour values of kamaboko (Fig. 6.2 low row) refer to 
appendix 17.  
Even though the MCM surimi showed no significant (p > 0.05) difference in 
lightness (L*) to that obtained for AAM and PMM surimi, its whiteness was 
significantly (p < 0.05) higher at a value of ca. 71 compared with ca. 56, and 64, 
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respectively. The difference in whiteness is associated with lower b* values which 
in turn is mainly affected by the removal of haem proteins (myoglobin) during the 
washing steps. By contrast in the AAM and PMM more haem pigments (myoglobin 
or haemoglobin) were retained in the resultant surimi. Effect of acid-alkali pH on 
unfolding and refolding of haemoglobin has been discussed in detail by Kristinsson 
and Hultin (2004).  
Our results were supported by Park et al. (2003a) who reported that the whiteness 
(L* - 3b*) of surimi derived from jack-mackerel, croceine croaker, black-spotted 
croaker, croaker and mackerel by conventional method was higher than that 
obtained from either the acid or the alkali method. Furthermore, Yongsawatdugul 
and Park (2004) also reported that whiteness of washed rockfish “mince” 
(actomyosin) [at a ratio of 1:4 (w/v) by centrifugation at 10,000 ×g, for 10 min at 
4ºC] was significantly (p < 0.05) higher than surimi produced by an acid-alkali 
method. These authors associated the greater whiteness of washed mince to the 
removal of myoglobin during washing.  
On the other hand, Kristinsson et al. (2005) reported higher L* values for alkaline-
aided surimi (combined with skipping 1st centrifugation) than L* values for surimi 
from the conventional method using channel catfish. The whiteness, based on 
{100 – [(100-L*)2 + a*2 + b*2]}1/2, was reported by these authors as being ca. 11% 
greater for AAM surimi than for surimi produced by the conventional method. 
Possible explanation, besides species effects, for the difference in results from the 
studies mentioned is based on the formula used for whiteness. Both Park and his 
colleagues (2003a) and this study used the whiteness formula of L* - 3b* which  
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Figure  6-1 Colour parameters and whiteness of common carp surimi prepared by the 
traditional (TM), modified conventional (MCM), alkaline-aided (AAM) and pH 
modified (PMM) methods.  
 
Figure  6-2  Visual colour of common carp surimi (top row) and kamaboko (low row) prepared 
by the traditional (TM), modified conventional (MCM), alkaline-aided (AAM) and 
pH modified (PMM) methods.  
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does not included the effect of the a* value. Whereas the formula used by 
Kristinsson et al. (2005) does include all three colour values. A recalculation of 
data from Kristinsson study by using the L*-3b* formula, found that there is no   
significant (p > 0.05) difference between the whiteness of surimi prepared from 
alkaline-aided compared with that from the conventional method. Kim et al. (2005) 
postulated that the negative impact of added Sp-P (2%) on the colour of Rockfish 
surimi was mainly due to an increase in b* values. retention of Sp-P in the gel 
matrix in the AAM and PMM.  
In our study, the lower whiteness of TM, AAM and PMM surimi was also 
associated with significantly (p < 0.05) higher b* values than that for MCM. This 
could possibly be due to the incomplete removal of Sp-P by the washing and 
decanting stages of TM or retained Sp-P in the gel matrix after the AAM and PMM. 
6.3.2 Texture properties 
6.3.2.1 Non-fracture test 
Oscillatory dynamic properties of carp surimi was evaluated by a temperature 
sweep test (Fig. 6.3 and Appendices 13-16) which is a non-fracture test capable of 
monitoring the elasticity and viscosity behaviour of a gel structure during heating. 
For surimi tested, MCM showed the greatest storage modulus [GJ (ca. 385 KPa)] at 
the final stage of gel aggregation (80ºC), which is ca. 90 times greater than that for 
TM and 7 times greater than that for AAM and PMM (Fig. 6.3). The pattern GJ
graph of TM was consisted of two positive slopes and in-between these, one 
negative slope (dissociation of actomyosin). Presence of these three peaks on the 
GJ graph was in agreement with the results of Wu et al. (1985), Badii and Howell 
(2002), and Ganesh et al. (2006). 
For TM and MCM surimi, an increase (first positive slope) in GJ occurred at ca. 
30ºC and 36.5ºC, respectively and reached a peak at ca. 41ºC and 43ºC, 
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respectively. Afterward, TM surimi showed a decrease (a negative slope) in GJ
was recorded and completed at ca. 47ºC whereas in case of MCM surimi it was 
recorded as a shoulder (plateau zone) ranged form 43ºC to 47ºC. 
Figure  6-3 Storage modulus (GA) of common carp surimi prepared by traditional (TM), 
modified conventional (MCM), alkaline-aided (AAM) and pH-modified (PMM) 
methods during sol-gel transition from 10-80ºC under 100Pa stress at 
frequency of 0.1 Hz 
 
Finally, the second positive slope, known as kamaboko, was stared at 47ºC. This 
increase in GJ is due to a re-aggregation of dissociated myosin molecules with one 
another “via disulfide linkage and hydrophobic interactions” (Lanier et al., 2005) 
and was completed at ca. 75ºC (Fig. 6.3).  
Wu et al. (1985) showed that by adjusting the Atlantic croaker surimi to 9% protein, 
three transitions temperatures were observed during gelation: 38, 46, and 60ºC. 
Badii and Howell (2002) reported three major transition points in the storage 
modulus for cod muscle during the dynamic rheological test: 36, 48-52, and 65ºC 
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and associated them with aggregation of myosin, Sp-P, and actin, respectively. 
Even though these two studies applied different parameters [Apparent rigidity 
modulus (Pa) and flow rate, respectively] and different techniques [Thermal 
scanning rigidity monitor (TSMR) and differential scanning calorimetric, 
respectively] on different fish species (Atlantic croaker and cod, respectively), to 
what was used in this study, the temperature for at least two stages of the sol-gel 
transition (first positive peak and negative peak) in all these studies are in 
agreement. 
On the other hand, Ganesh et al. (2006) investigating the gel forming ability of 
common carp muscle, identified on a tan G thermograph, three sol-gel transition 
temperatures: 36.7, 56.8 and 83.3ºC. The authors concluded that these points 
“can be related to the myosin tail (36.7ºC), the head of myosin (56.8ºC), and the 
other protein fractions (83.3ºC)”. There is an obvious difference in the sol-gel 
transition temperature quoted by Ganesh et al. (2006) and those reported in this 
study even though both studies used the same fish species and similar preparation 
technique. However, the differences in these two studies can be explained by the 
parameters used for the small scale deformation test as well as the subsequent 
analysis of the data. The differences included the applied stress (100 Pa vs. 500 
Pa), frequency (0.1 vs. 1.0 Hz) and the use of GJ rather than tan G to obtain the 
sol-gel transition temperatures by Ganesh et al., (2006) and this study, 
respectively. 
For both AAM and PMM surimi, only one stage of the thermodynamic sol-gel 
transition was recorded which started at ca. 30ºC and was completed at ca. 50ºC 
with GJ terminating at the same point (70-75 KPa) for both methods. This indicates 
that there was no significant (p > 0.05) difference in the amount of stored energy in 
kamaboko gel networks prepared form AAM and PMM surimi. However, for AAM 
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surimi, the GJ pattern was different, as the temperature increased from 10ºC to ca. 
30ºC the GJ dramatically decreased (Fig. 6.3). This was supported by 
Yongsawatdugul and Park (2004) who stated that a sharp decrease in GJ was 
probably due to the completion of the unfolding of myofibrillar proteins which have 
already been denatured by the high pH level. After this point, GJ sharply increased 
without showing the decrease in GJ value (negative slope stage). These results are 
in agreement with those reported by Yongsawatdugul and Park (2004) for a 
rockfish surimi produced by the acid-alkali method. These authors attributed the 
decline in GJ during heating to denaturation of light meromyosin (LMM), quoting 
from Egelandsdal et al. (1986) who asserted that the decline in the GJ thermogram, 
observed between 50ºC to 60ºC, was “caused by LMM denaturation, leads to an 
increase in the fluidity (G and GQ increases) of the gel.” Yongsawatdugul and Park 
(2004) pointed out that as LMM denaturation occurs during the pH shifting 
treatment, the modori stage was not observable in the acid-alkali surimi.  
6.3.2.2 Large scale tests 
A. Puncture test (Gel Strength) 
 
TM kamaboko showed significantly (p < 0.05) lower breaking force, breaking 
distance and consequently lower gel strength than that of other kamaboko gels 
tested (Table 6.2). There was no significant (p < 0.05) differences in the gel 
strength of AAM and PMM kamaboko (Calculations at 95% confidence level has 
been presented in appendix 18). The percentage improvement in the gel strength 
of MCM kamaboko compared with that of TM, AAM and PMM kamaboko gels was 
ca. 44%, 23%, and 23%, respectively. Thus these results (Table 6.2) which 
support the findings of the TPA analysis are attributed to either retaining more 
myofibrillar proteins or removing most of the Sp-P from the resultant kamaboko gel 
network. This issue requires further study. Furthermore, the gel strength ranking 
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(MCM>AAM=PPM>TM) obtained in this study may alter if the percentage moisture 
in the surimi gels are adjusted to moisture levels other that 85%. 
Table  6-2 Puncture test characteristics of tested kamaboko (Mean ± Standard Deviation)* 
Puncture test parameters 
 Kamaboko type Breaking force 
 (g) 
Breaking 
distance (mm) 
Gel strength 
 (g.mm) 
Traditional (TM) 175.62 ± 12.61z 6.10 ± 0.39z 1073.56 ± 140.80z
Modified Conventional (MCM) 264.66 ± 15.55y 6.81 ± 0.39z 1870.50 ± 135.60y
Alkaline-aided (AAM) 233.98 ± 5.07x 5.57 ± 0.16y 1304.55 ± 63.56z
pH modified (PMM) 236.03 ± 2.55x 5.52 ± 0.25y 1304.07 ± 72.59z
*Within each trial, different superscripts in the same column indicated significant difference (p <
0.05) according to a one-way ANOVA and Tukey test.  
 
Perez-Mateos et al. (2004) demonstrated that surimi prepared by the alkaline-
aided method, specifically with the addition of microbial transglutaminase 
(MTGase) to the surimi, resulted in a kamaboko gel which showed significantly (p
< 0.05) greater breaking force (g) and deformation (mm) compared with that 
produced by the conventional method. Furthermore, Yongsawatdugul and Park 
(2004) reported that rockfish kamaboko derived from AAM produced significantly 
(p < 0.05) greater breaking force (g) than the non-washed mince, acid-aided and 
conventional process. The higher gel characteristic of AAM was attributed to the 
“greater extent of disulfide formation of myofibrillar and Sp-P induced by alkaline 
solubilization.” These same authors concluded that the retention of Sp-P at the gel 
network did not interfere with the gel characteristic of surimi. Overall, there are a 
number of studies supporting the alkaline-aided method as a credible means of 
recovering proteins specifically from dark-muscle fish species and consequently to 
be used to produce a good quality surimi and kamaboko gel (Undeland et al.,
2002; Kristinsson & Hultin, 2003b; Kristinsson et al., 2005). 
Park et al. (2003a) investigating the effect of Sp-P on the surimi gel prepared by 
AAM from different species reported that this method (AAM) resulted in a lower 
breaking force and breaking distance compared with that of the conventional 
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method. For instance, mackerel kamaboko prepared by conventional method had 
a breaking force and breaking distance of ca. 150 g and 5.5 mm, respectively, 
whereas in the AAM kamaboko, these values were ca. 105 g and 5.0 mm, 
respectively. However, Park and his colleagues (2003b) stated that the addition of 
Sp-P significantly (p < 0.05) improved the gel characteristic of kamaboko with an 
increase in breaking force and breaking distance from 13 g and 2.2 mm in the 
absence of Sp-P to ca. 30 g and 4.8 mm, in the presence of 1% Sp-P. However, 
these same authors stated that an increase (2-9%) in added Sp-P did not improve 
the gel characteristics of the resultant kamaboko significantly (p < 0.05).  
Kristinsson and Hultin (2003a) postulated that by adjusting the pH to the alkaline 
(11.0) region the myosin rod (secondary structure) remained intact while the 
globular head region (tertiary structure) and consequently light myosin chains were 
partly dissociated. These authors also postulated that in contrast to the rod 
section, “myosin heads did not revert to its native state on refolding” which lead to 
incomplete re-association of the light myosin chain into the head section. 
Furthermore, it can be hypothesized that in AAM, possible damage of myofibrillar 
proteins by a high pH solution, not the interference of Sp-P with aggregation of 
myofibrillar proteins during heating, could be responsible for reducing the gel 
characteristics of alkaline-aided kamaboko compared with that of MCM. 
To confirm this proposal, the PMM technique was used to prepare surimi. The 
PMM approach removed some Sp-P by homogenization and pH adjustment (to 
5.5). Damage to myofibrillar proteins was minimized in PMM as no extreme pH 
treatment was employed. Surprisingly, the gel characteristics (hardness and gel 
strength) of the resultant kamaboko were nearly identical to that of AAM (Table 6.2 
and 6.3) which confirmed that retaining Sp-P in the surimi and kamaboko gel 
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matrix (not structural damage to the myofibrillar proteins) can impact negatively on 
the gel characteristics of kamaboko. 
B. Texture profile analysis (TPA) 
 
Kamaboko produced from TM surimi sample again showed significantly (p < 0.05) 
lower hardness and adhesiveness, values than that off the kamaboko produced 
from other surimi preparation methods (Table 6.3).  
There was no significant (p < 0.05) difference among cohesiveness and elasticity 
values for the tested kamaboko. Parameters such as adhesiveness and stickiness 
were lower for kamaboko produced from TM, AAM and PMM surimi than that 
produced by the MCM. This suggests that these surimi methods produces 
kamaboko with lower gel characteristics compared with that produced from MCM 
surimi. However, supporting data from other parameters, such as gel strength, is 
required for this to be conclusive. All statistics has been presented in appendix 18. 
 
Table  6-3 TPA characteristics of tested kamaboko (Mean ± Standard Deviation)* 
TPA parameters 
Kamaboko Types 
Hardness (N)  Cohesiveness Adhesiveness (N/s) Elasticity (%) 
Traditional (TM) 26.04 ± 0.64z 0.53 ± 0.00z -0.59 ± 0.07z 99 ± 0.00z
Modified Conventional 
(MCM) 38.99 ± 0.54
y 0.54 ± 0.00z -1.02 ± 0.10y 99 ± 0.00z
Alkaline-aided (AAM) 38.66 ± 0.67y 0.55 ± 0.00z -0.83 ± 0.03x 99 ± 0.00z
pH modified (PMM) 39.38 ± 0.75y 0.58 ± 0.04z -0.75 ± 0.02x 99 ± 0.00z
* As per Table 6.2 
 
6.3.3 Protein recovery  
 
According to Figure 6.4 and Table 6.4, TM lost a significant amount of proteins 
(Mf-P and Sp-P) after each washing cycle. For instance, after the 3rd washing 
cycle, only ca. 67% of total proteins were recovered whereas for MCM the amount 
was ca. 87% after the 3rd centrifugation. This indicates that by implementing a 
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simple modification in the dewatering stage, using centrifugation (MCM) instead of 
decanting and filtration (TM), can improve the efficiency of protein recovery 
(percentage) after each washing cycle (Fig. 6.4). All raw data used to calculate 
protein content have been presented in appendices 18-22. 
In the MCM, after dewatering by centrifugation at 10,000 ×g for 20 min at 4ºC, as 
well as recovering a high level (92%) of myofibrillar proteins, most of Sp-P (ca. 
66%) was removed after the first centrifugation (Table 6.4 and Fig. 6.4). Hence, 
limiting dewatering to one centrifugation step rather than three would result in an 
energy and water saving as well as removal of about two thirds of the Sp-P.  
Loss of myofibrillar proteins and consequently myosin heavy chain (MHC), as the 
major component of myofibrillar proteins, was negligible (Fig. 6.4 lower row, the 
lower amount of sediment in the wash water after three washing cycles in MCM 
compared with those of TM) and measures as about 13% of total protein in original 
fish muscle (Table 6.4) after three washing steps by centrifugation. 
The authors believe that in TM during dewatering which carried out by decanting 
and filtering, noticeable amount of myofibrillar proteins as very fine particles (Fig. 
6-4, top row) and consequently MHC were removed from the system and due to 
lack of refining apparatus these proteins did not recover any more. Whereas in 
MCM due to application of centrifugation this part of proteins (Fig. 6-4, low row) 
were recovered more efficiently compared with TM. Lin and Park (1996) noted that 
as the number of washing (distilled water with 0% NaCl) steps increased the loss 
of MHC, actin, `-tropomyosin/troponin-T and \- tropomyosin also increased. 
These authors (Lin and Park, 1996) reported that after the first washing cycle of 
These authors (Lin and Park, 1996) reported that after the first washing cycle of 
Pacific whiting fish mince (no added NaCl) only 1.1% of MHC was lost, whereas 
the loss increased to ca. 22% at the third or fourth washing cycle. The explanation 
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given by Lin and Park for the trend in MHC loss was that by the 3rd or 4th washing 
cycle, the high molecular MHC proteins were able to obtain water for hydration and 
consequently solubilization which lead to an increase in MHC loss. Whereas in the 
earlier washes, hydration of MHC was less likely in the presence of Sp-P. On the 
other hand, according to Lanier (personal communication) the more possible 
explanation can be given to this phenomenon is that the loss of myofibrillar 
proteins usually occurs because the ionic strength is reduced with repeated 
washing cycles, which make these proteins more soluble (they are very soluble at 
any appreciable ionic strength below about 1% NaCl). 
 
Figure  6-4 Comparison between the amount of sediment (protein loss) in the 
wash waters (from 1st, 2nd and 3rd  washing) as produced in the 
traditional method (TM, top row) and modified conventional method 
(MCM, lower row) for making common carp surimi. 
 
Furthermore, Lin and Park (1996) postulated that an increase in the number of 
washing cycles resulted in greater retention of myosin and actin (from ca. 51% 
and12% at first washing cycle to ca. 72% and 14% at third washing cycle, 
respectively) but lowered the yield. 
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6-20
Table  6-4 Protein mass balances throughout traditional (TM), modified conventional (MCM), 
alkaline-aided (AAM) and pH modified (PMM) methods for making surimi from female 
common carp  
 
Average amount of protein* in g/100g of 
original fish mince ± Standard deviation 
remaining after the following steps** Method Sample  source 
Amount of 
protein* in 
original fish 
muscle in 
 g/100g ± SD I II*** III*** 
Fish muscle 17.98 ± 0.75 (100) NA NA NA 
Mince NA 15.24 ± 0.56 (84.73) 
13.25 ± 0.38 
(73.70) 
11.99 ± 0.38 
(66.68) 
Traditional 
method (TM) 
Water NA 2.88 ± 0.22 (15.99) 
1.79 ± 0.74 
(9.94) 
1.14 ± 0.07 
(6.34) 
Fish muscle 18.20 ± 0.55 (100) NA NA NA 
Mince NA 16.60 ± 0.6 (92.07) 
16.04 ± 0.50 
(88.96) 
15.75 ± 0.5 
(87.35) 
Modified 
conventional 
method (MCM)
Water NA 1.32 ± 0.17 (7.32) 
0.48 ± 0.34 
(2.66) 
0.20 ± 0.08 
(1.11) 
Fish muscle 17.73 ± 0.55 (100) NA NA NA 
Supernatant 
(step1) or 
Sediment (step II) 
NA 14.55 ± 0.47 (82.06) 
13.09 ± 0.92 
(73.82) NA Alkaline-aided 
method (AAM) Sediment (step1)
or 
Supernatant (step 
II) 
NA 3.12 ± 0.04 (17.60) 
1.47 ±0.23 
(8.29) NA 
Fish muscle 17.89 ± 1.01 (100) NA NA NA 
Mince NA 16.68 ± 0.64 (91.65) NA NA 
pH modified 
method (PMM)
Water NA 1.93 ± 0.14 (10.60) NA NA 
* Protein data are expressed as mean ± SD. Numbers in parenthesis are % of the original muscle 
taken to be 100%. 
** As per Table 6.2 
*** The protein mass balance is equal to the sum of the final weight of the protein in the surimi paste 
plus the weight of the protein lost at all the steps in that process. For example; for AAM the 
protein in the sediment in step II (13.09g) plus protein losses in the washes (3.12 and 1.47g) 
equals 99.7% (17.68/17.73 x100) of the original protein present in the muscle (100g). 
NA Not Applicable 
 
In the present study, solubilization percentage of myofibrillar proteins by AAM was 
recorded at ca. 82% (w/w of initial weight) of which ca. 74 % was recovered after 
precipitation at pH 5.5. Protein level (loss) in the sediment after the first 
centrifugation and in the supernatant after second centrifugation was 17.60% and 
8.29%, respectively (Table 6.4). In PMM, ca. 92% of the proteins, as myofibrillar 
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proteins, were recovered in the sediment, as only one centrifugation was applied, 
and the reminder, as Sp-P, were lost in the supernatant (Table 6.4). 
It should be noted that in the AAM after first centrifugation, a fat layer was not 
visible, and the sediment consisted of two layers; a gel-sediment (which was re-
suspended by gently shaking the bottle) on the top of a hard-sediment. It is likely 
that the soft layer consisted of cell wall material, phospholipids and some part of 
aggregated proteins, while the hard layer was mostly composed of connective 
tissue. Undeland et al. (2002) reported that in the case of herring fish about 72% of 
the total protein was solubilized by the alkali method (pH 10.8) and 68% of that 
was recovered after precipitation (pH 5.5 treatment). So, a total recovered protein 
was ca. 50% (0.68 × 0.72 = 0.49). The authors mentioned that the percentage of 
protein lost in the sediment (during 1st centrifugation) and the supernatant (after a 
2nd centrifugation) was ca. 28% and 4% (out of total protein in the original fish 
muscle), respectively.  
In the present study, the MCM approach lead to a slightly higher recovery of 
protein compared with that by AAM at 87% vs. 74%, respectively. If the process of 
AAM is altered so that the 1st centrifugation is omitted and after increasing the pH 
to 11.5, the pH is altered to the IP (pH 5.5), then the level of proteins recovered in 
the sediment after centrifugation increased to ca. 90%. This level is close to that 
obtained by the PMM which was ca. 92% and is a significant improvement in 
protein yield. 
These results are similar to those found in a study by Kristinsson et al. (2005) on 
channel catfish mince in which protein recovery was increased to 82% from 70.3% 
in an alkaline method with the 1st centrifugation step omitted. These authors also 
found that AAM resulted in a greater protein (82%) recovery than that obtained by 
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a laboratory–based conventional method which only recovered 62.3% protein. 
Clearly, the difference is sarcoplsmic proteins. 
6.3.4 SDS-PAGE profile 
 
Based on SDS-PAGE, the 11 protein bands in the fish mince (Fig. 6.5 A lane 2) 
consisted of a wide range of molecular weights; ranging from 10 KDa to ~205 
KDa; including two polypeptides between 10-15, another two polypeptides 
between 15-25, polypeptides at ~38, ~43, and ~52, a doublet between 100-120, a 
polypeptide between 120-150 and 150-200 and a dense band at ~205 KDa. These 
bands were retained in the fish mince after three cycles of washing (Fig. 6.5 A 
lanes 3, 5, and 7) all though they were very faint. 
The electrophoretic analysis of the water from the first wash showed the presence 
of a number (11 bands) of water soluble proteins on the SDS-PAGE gel. The 
major Sp-P were polypeptides at ~10, ~17, two polypeptides between 25-30, ~29, 
two polypeptides between 30-40, a polypeptide at ~45, ~52, ~60, and finally at ~97 
KDa (these bands were more visible at Fig. 1 A lane 6). The bands identified in the 
washing water after the 1st wash were also present in the wash water of both the 
2nd and 3rd wash (Fig. 6.5 A, Lanes 4, 6, and 8). 
Nakagawa et al. (1988) analysed Sp-P from muscle of 16 different fish species, 
including common carp, and also reported 11 bands for carp from  < 23, 23, 25, 
26, 33, 35, 40, 43, 49-51, 60 and 94 KDa. Morioka and Shimizu (1993) reported 
more than 9 bands (< 23, 23, 25, 26, 35, 40, 43, 55 and 94 KDa) of Sp-P for a 
range of fish species. 
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Figure  6-5 Protein profile (SDS-PAGE) of modified conventional method (MCM), alkaline-
aided (AAM) and pH modified method (PMM). 
Modified conventional method (A, lane 1-8): lane 1, molecular weight standard from 10-200 
KDa; lane 2, proteins from common carp’s light muscle mince; lane 3, proteins 
from the 1st time washed mince (sediment after centrifugation at 10,000 ×g for 20 
min at 4ºC); lane 4, proteins from the water of 1st washing cycle (supernatant after 
centrifugation at 10,000 ×g for 20 min at 4ºC); lane 5, proteins from 2nd times 
washed mince; lane 6, proteins from the water of 2nd washing cycle; lane 7, 
proteins from 3rd times washed mince; lane 8, proteins from the water of 3rd 
washing cycle.  
Alkaline-aided (B, lane 2-6) and pH modified method (B, lane 7-9): lane1, molecular weight 
standard from 10-200 KDa; lane 2, proteins from common carp’s light muscle 
mince; lane 3, proteins from the pH 11.5 supernatant fraction after 1st 
centrifugation at 10,000 ×g for 20 min at 4ºC; lane 4, proteins from sediments after 
1st centrifugation; lane 5, proteins from the supernatant of the 2ns centrifugation 
after precipitation at pH 5.5; lane 6, isolated proteins from the final alkali-
produced sediment after precipitation at pH 5.5 and 2nd centrifugation;  lane 7, 
proteins from common carp’s light muscle mince; lane 8, proteins from the 
supernatant of pH modified mince after adjusting the pH to 5.5 followed by 
centrifugation; lane 9, proteins from the sediment of pH modified mince.  
 
Those authors noted that the band pattern in the wash water was not related to the 
fish species being examined. In another study which was conducted by Kristinsson 
et al. (2005) using channel catfish, about 11 bands were observed on the SDS-
PAGE of the wash water from the washing cycles of the conventional method 
including; ~6.5, ~15, three polypeptides between 23-29, ~36, ~43, ~50, ~60, ~84  
and ~97 KDa. 
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In the protein profile of AAM (Fig. 6.5 B lane 1-6), the supernatant after the 1st 
centrifugation (Fig. 6.5 B, lane 2) showed the same pattern of molecular weights 
as the initial fish mince (Fig. 6.5 B, lane 1). However, after precipitation at pH 5.5 
and 2nd centrifugation, the range of molecular weights in the supernatant (Fig. 6.5 
B, lane 5) differed slightly from the range of Sp-P present in the water from the 
washing cycles of MCM (Fig. 6.5 A, lanes 4, 6 and 8). In Fig. 6.5 B lane 5, proteins 
with molecular weight greater than 60 KDa were absent, although the remaining 
bands were identical to those present in lane 4, 6 and 8 (Fig. 6.5 A). Protein profile 
of PMM was nearly identical to that of AAM in both the sediment and the 
supernatant after adjusting the pH to 5.5 followed by centrifugation at 10,000 ×g 
for 20 min at 4ºC (Fig. 6.3 B lanes 8 and 9, respectively). 
These results are similar to those reported by Undeland et al. (2002) who found 
after alkalization of herring light muscle, bands “up to ~75 KDa”. However, as well 
as bands at 8 and 23 KDa, another 6 bands were visible between 29 and 60 KDa. 
In addition, the bands from the supernatant after 2nd centrifugation in our study 
(Fig. 6.5 B lane 5) were nearly identical to the range of molecular weights present 
in the supernatant of the 2nd centrifugation of channel catfish muscle when 
examined by Kristinsson et al. (2005), who listed bands from 6.5 up to ~ 75 KDa.  
Kristinsson and Hultin (2003a) stated that by applying the alkaline pH of 11.5, a 
fraction (60%) of light meromyosin chain (LMC) would dissociate from the MHC 
and even after recovery it would not reassemble onto the myosin head region. In 
our study, after alkaline solubilization, the presence of light myosin chains (18-25 
KDa) was recorded (Fig. 6.5 B lane 5) which is similar to the results obtained by 
Kristinsson and Hultin (2003a).  
In the present study, the protein profile of the sediment fraction (isolated proteins) 
after 2nd centrifugation (Fig. 6.5 B, lane 4) included the presence of a range of 
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molecular weights. The protein bands not visible in Fig. 6.5 B, lane 6 were two 
unidentified proteins with molecular weights between 25-30 KDa and less than 12 
KDa. However, these two groups of proteins were present in the supernatant (Fig. 
6.5 B, lane 5). In Figure 6.5 B lane 6, the MHC band at ~205 KDa was not clear. 
According to Kristinsson and Hultin (2003a) this indicates that dissociation of the 
myosin head region at alkaline pH (11.5) could not be fully reversed on refolding. 
Thus exposure of more hydrophobic sites on the refolded form of MHC than or the 
native structure could lead to a partly miss-folded species when readjusted to 
neutrality. In our study, this was not this case, since by repeating the test and re-
running SDS-PAGE a clear band at ~205 was recorded (data not shown). 
6.3.5 Microstructure of surimi and kamaboko 
 
SEM, at a magnification of ×1000, of surimi and resultant kamaboko from TM, 
MCM, AAM and PMM are illustrated in Figure 6.6 A and B. The microstructure of 
the surimi samples tested showed a similar cross-linking pattern (Fig. 6.6 A1, 2, 3, 
and 4) irrespective of the washing and dewatering technique used. By contrast, the 
microstructures of the kamaboko samples were significantly different (Fig. 6.6 B1, 
2, 3, and 4). In particular, the kamaboko prepared from TM surimi (Fig. 6.6 B1) had 
significantly (p < 0.05) fewer (in number) and larger (in area) polygonal 
structures/mm2 than the other kamaboko samples tested (Table 6.5).  
Quantitatively, MCM kamaboko sample showed significantly (p < 0.05) greater 
number of polygonal structures/mm2 with a smaller average area (hm2) for 
individual polygonal structures in SEM magnification of ×1000 compared with that 
recorded for the other kamaboko tested (Table 6.5). Although the study of 
alternate methods provided comparative information, it did not clarify the role of 
Sp-P in gel formation. 
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Table  6-5 Quantitative SEM (×1000) characteristics of kamaboko tested.  
Kamaboko SEM characteristics  
(Mean ± Standard deviation) Kamaboko type 
Number of Polygonal structures/ mm2 Area (hm2)
Traditional (TM) 4122 ± 23z 135.45 ± 1.62z
Modified conventional (MCM) 34526 ± 96y 8.60 ± 1.34y
alkaline-aided (AAM) 21719 ± 114x 14.30 ± 2.01x
pH modified (PMM) 21614 ± 105x 14.46 ± 2.85x
* As per Table 6.2 
 
The retention of Sp-P in the AAM improved the gel quality in comparison to the 
conventional method of surimi processing. However, the loss of Sp-P in the MCM 
further improved the gel quality. As these experiments were designed to follow the 
procedure of each method as outlined, the specific steps within each method are 
not standardized and therefore are highly variable. So for example, the protein 
content is not the same in the final gels of the methods trialled and it is well 
accepted that gel quality is affected by protein content (Wu et al., 1985; Noguchi, 
1986). 
Accordingly, the last chapter (7) of this thesis examines the role of Sp-P under 
constant (moisture and myofibrillar content) conditions in the gelling process and 
on the quality of the resultant kamaboko. 
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Figure  6-6 Scanning electronic micrographs (×1000) of surimi (A) and kamaboko (B) 
prepared by traditional (1), modified conventional (2) alkaline-aided (3) and pH 
modified (4) methods from female common carp mince, respectively. 
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CHAPTER 7 IMPROVEMENT IN THE GEL QUALITY OF 
KAMABOKO BY ADDITION OF SARCOPLASMIC 
PROTEINS 
 
Submitted to the Journal of Food Science U.S.A 
(In the publication process) 
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7.1 INTRODUCTION 
 
Surimi and kamaboko, as concentrated protein products, are assessed in terms of 
colour, texture (Hamann & MacDonald, 1992; Kim et al., 2005a; Lauro et al.,
2005). Textural quality of surimi and kamaboko is measured in a number of ways 
including; force and stress, deformation and strain, rheological tests using small 
strain such as stress relaxation test and oscillatory dynamic test, rheological 
testing using large strain such as axial compression and torsion test, or empirical 
tests such as puncture test and texture profile analysis (TPA). Each of these 
methods can in fact be measuring a different textural characteristic of the surimi 
and kamaboko.  
However, the basic tenet of all these measurements is to determine the key 
characteristics of surimi and kamaboko that measure the extent and the quality of 
the gelling that has occurred (Lee & Chung, 1989; Yang & Park, 1998; Shie & 
Park, 1999; Wiles et al., 2004). The quality of the surimi and kamaboko gel is know 
to depend an a number of factors such as species (Hastings et al., 1990; Benjakul 
et al., 2002; Ramirez et al., 2003; Kristinsson et al., 2005), processing variables 
(Hsu, 1990) such as washing agents (Benjakul et al., 2004), moisture content 
(Reppond & Babbitt, 1997), salt content and pH  (Alvarez et al., 1995; Ni et al.,
2001), processing methods (Undeland et al., 2002; Perez-Mateos et al., 2004), 
and many others. The mechanism of gelling has been thoroughly reviewed and 
discussed by Stone and Stanley (1992).  
These authors and many others (Sato & Tsuchiya, 1970; Nakayama & Sato, 
1971a; Nakayama & Sato, 1971b; Grabowska & Sikorski, 1976; Tejada, 1994) 
clearly associated myofibrilla proteins (Mf-P) as having the main role in the 
process of gelling. Proteins within fish muscle are classified according to their 
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general function (Asghar et al., 1985); myofibrilla proteins (60%), sarcoplasmic 
proteins (30-35%) and the remainder are stroma proteins. So the question is what 
role do collagen and Sp-P play in the gelation process? There is no discussion 
about the contribution of collagen (stroma proteins) to the surimi gel possibly 
because the amount present is not regarded as significant. With reference to the 
Sp-P, there are some papers examining the role of Sp-P in the gelling quality of 
surimi and kamaboko. Unlike Mf-P, there is no consensus on the role of Sp-P with 
some authors stating a negative role such as Okada (1964) and some authors 
claiming an improvement in gelling quality with Sp-P such as Park et al. (2003a,b) 
and Kim et al. (2005). 
The conventional method for processing involves using 1-3 or more water washing 
cycles results in the loss of Sp-P (Okada, 1964; Ko & Hwang, 1995; J. M. Kim et 
al., 1996). In fact, one of the main aims of these washing steps is to remove Sp-P 
as well as to remove blood, fat, skin and scale remnants. The historical reason 
why washing was seen as a necessary step in surimi processing was the need to 
improve the gel quality. The Sp-P were (a) detrimental to the gelling quality for the 
resultant surimi and kamaboko and thereafter washing was supported by 
researchers who had concluded that Sp-P had a negative effect (Nakagawa et al.,
1989; Morioka & Shimizu, 1990; Ko & Hwang, 1995; Kim et al., 1996) and of 
course (b) responsible for darkening the surimi produced particularly if dark-
fleshed fish were used (Reppond et al., 1995; Jiang et al., 1998). With the advent 
of the pH-shift (acid or alkaline-aided) approach to surimi processing (Nishioka & 
Shimizu, 1983; Hultin & Kelleher, 1997) and adding back Sp-P (Morioka & 
Shimizu, 1990, 1992; Morioka et al., 1992; Kim et al., 2005; Ko & Hwang, 1995; 
Nowsad et al., 1995a; Nowsad et al., 1995b; Park et al., 2003a), these may 
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produce meaningful data to resolve the issue of whether Sp-P are enhancive of 
inhibitory to the gelling quality of surimi and kamaboko. 
This study was conducted to examine the role of SP-P added to surimi on the 
physio-chemical characteristics of the resultant surimi and kamaboko gel such as 
colour, and specifically thermodynamic behaviour of proteins during sol-gel 
transition (temperature sweep test), gel strength (puncture test), proteins 
distribution (SDS-PAGE ) and the microstructure. 
7.2 MATERIALS AND METHODS 
 
7.2.1 Materials  
 
As per general materials and methods; chapter 3, section 3.1.
7.2.2 Sarcoplasmic proteins extraction 
 
To extract Sp-P, fish mince (100 g) was mixed with cold (i 4ºC) phosphate buffer 
solution (pH 7.0) in a ratio of 1:10, respectively, and homogenized in a Waring 
blender [Waring commercial, Model 32BL80 (8011), USA] at low and then high 
speed, each for 60s. After homogenization, the paste was centrifuged (BECKMAN 
J2-21M/E with Rotor JA-14, 14000 Max RPM) at 10,000 ×g for 20 min at 4ºC. The 
supernatant was decanted into plastic tubes (50 mL), frozen with liquid nitrogen (< 
-150ºC) followed by freeze-drying (DYNAVAC Freeze drier, model FD 12, 
Australia) functioning under vacuum (10-1-10-2 torr) at -80ºC. The freeze-dried Sp-
P powder was stored at 4ºC until added into the threadfin bream surimi. 
7.2.3 Preparation of surimi gels with added Sp-P  
 
To prepare a gel, frozen threadfin surimi was cut into smaller pieces (ca. 2×2×2 
cm) which were then left at room temperature (ca. 25ºC) for about 1.5 h to defrost. 
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The surimi pieces were further chopped with a food processor (Sunbeam Oskar II, 
350 W, Type No. 266, France) for about 60s to create a homogeneous paste. After 
addition of NaCl (2%) as a powder (# S9625 Sigma-Aldrich Pty, Ltd. 12 Anella 
Ave. Castle Hill 2154 Australia), and chilled-water [2-4ºC (to maintain the 
temperature at 4-10ºC)] were sprinkled over the mince to adjust the moisture 
content of the paste to 85%, blending continued for another 60s. 
Sp-P was added to the surimi gel at concentrations of 0, 5, 10, 20 and 35% based 
on the total protein content whilst the myofibrillar proteins (Mf-P):Sp-P ratio was 
maintained at 3:1 or 65%:35% (for detailed calculations refer to appendix 25). 
Then for treatments with added Sp-P lower than 35%, sucrose (D-Sucrose # 
84100-Fluka Chemie GmbH, The Netherlands) was used to maintain the mass 
balance (Mf-P:Sp-P) without altering the Mf-P or moisture content. Sp-P freeze-
dried powder was sprinkled over the mince at the same time as water adjustment 
was made as described above. 
After removing a sample (30 g) for a temperature sweep test, the remaining paste 
was then compressed into stainless steel tubes [length (L) of 20 cm, and Ø of 2.5 
cm] which had previously been sprayed with canola oil to lubricate the inner 
surface of the tube. Both ends of each tube were then sealed with screw thread 
caps. To obtain low temperature setting (Lanier, 1992), the surimi in the tubes 
were refrigerated (4ºC) overnight (16-18 h). Then, for making kamaboko, the tubes 
were placed in a water-bath (steam jacketed kettle) pre-set at 90ºC ± 2ºC  for 30 
min. Immediately after heating, the tubes were cooled in ice-water to ca. 10ºC to 
stop any further effect of heat on the texture. Once cooled, the gels were removed 
from the tubes with a plunger and sliced to required dimensions for analysis of 
large scale texture characteristics (puncture test).  
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7.2.4 Colour evaluation  
As per general materials and methods, section 3.2.2
7.2.5 Measurements of texture properties 
7.2.5.1 Non-fracture test 
As per general materials and methods in chapter 3, section 3.2.4.1
7.2.5.2 Fracture Deformation Test 
Puncture Test 
As per general materials and methods in chapter 3, section (A).
7.2.6 Scanning Electron Microscopy (SEM) 
As per materials and methods in chapter 5, section 5.2.6
7.2.7 SDS-PAGE gel electrophoresis 
As per materials and methods in chapter 6, section 6.3.1
7.2.8 Statistical analysis 
 
Texture data was analysed by SPSS statistical package (SPSS, Inc. 
Headquarters, 233 S, Wacker Drive, 11th floor, Chicago Illinois 60606, Version 
15.0) and significant differences between mean values were determined by one-
way ANOVA and LSD test.  
7.3 RESULTS AND DISCUSSIONS 
 
7.3.1 Effects of Sp-P on colour 
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The effect of adding Sp-P isolated from common carp into threadfin bream surimi 
was to significantly (p < 0.05) lower the L* value while significantly (p < 0.05) 
increasing the a* and b* values compared with the control samples (Table 7.1, Fig. 
7.1 and Appendix 26).  
Table  7-1 Colour parameters of threadfin bream surimi before and after adding Sp-P1
Addition of  Colour values (Average ± SE2)
Sp-
P
Sucrose L* a* b* 
Whiteness 
Colour 
deviation 
(IE) 
Nil Nil 55.32 ± 0.22z -0.62 ± 0.17z -2.64 ± 0.09z 58.20 ± 0.27z 1.06 ± 0.30z
Nil 35% (control)4 56.12 ± 0.18z -0.53 ± 0.02y -3.04 ± 0.08y 65.24 ± 0.31y NA3
5% 30% 48.84 ± 0.48y 0.30 ± 0.15x 2.40 ± 0.18x 41.64 ± 0.76x 9.14 ± 0.86y
10% 25% 45.90 ± 0.55x 1.30 ± 0.24w 4.62 ± 0.17w 32.04 ± 0.31w 13.05 ± 0.49x
20% 15% 43.56 ± 0.41w 4.04 ± 0.42v 8.32 ± 0.28v 18.60 ± 1.03v 17.66 ± 0.46w
35% 0% 39.82 ± 0.95v 5.76 ± 0.42u 8.46 ± 0.39v 14.44 ± 1.10u 21.13 ± 0.66v
1Sp-P was extracted from the dark muscle of common carp by homogenization, centrifugation at 
10,000 ×g for 20 min at 4ºC, and collection of the supernatant, which was freeze dried and 
stored at 4ºC until required. Then Sp-P in powder form was blended with threadfin bream 
surimi from 5% to 35%.  
2SE standard error 
3NA not applicable 
4 Samples to which sucrose (35%) but no Sp-P was added were taken as a control. 
Different superscripts in the same column indicated significant difference (p < 0.05) according to a 
one-way ANOVA and LSD test. 
 
For instance, by adding 5% Sp-P, the whiteness of threadfin bream surimi was 
reduced by ca. 33% with a shift in colour from the control by ca. 8 unit (IE). As the 
concentration of added Sp-P increased the whiteness of the surimi decreased 
further. With Sp-P added to a 35% level, the whiteness of threadfin bream surimi 
decreased by ca. 77%, and IE was recorded at ca. 20 (compared with the 
control). As Sp-P from the dark muscle of female common carp has a dark red 
colour, it was expected that after adding these proteins into the threadfin bream 
surimi, the whiteness of resultant surimi would decrease.  
Interestingly, Joo et al. (1999) found that 71% of the variation in lightness of pork 
loin muscle can be explained by Sp-P solubility. It is accepted that mainly 
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myoglobin (Mb) and partially haemoglobin (Hb) and their chemical products, are 
responsible for muscle colour (Joo et al., 1999).  
 
Figure  7-1 Visual colour of threadfin bream surimi before (A1) and after (A2-A5) adding Sp-P1
1As per table 7.1  
 
Our results supported Kim and his colleagues (2005) who investigated the effect of 
Rockfish Sp-P on Alaska pollock surimi, demonstrating that the negative impact of 
added Sp-P (2%) on the colour of the resultant surimi was mainly due to an 
increase in b* values. Similarly, in 2007, Park and Park stated that by adding 
extracted Pacific whiting myoglobin [Mb (0-1%)] into Pacific whiting surimi, the 
whiteness (L* - 3b*) of the resultant kamaboko was reduced from ca. 74 to ca. 69 
which the authors attributed to the added Mb pigments. Park et al. (2003a) studied 
the effect of Sp-P (0-9%) on the whiteness of heated gels prepared by the alkaline-
aided method from croaker. According to their results, there was no difference in 
whiteness between the control and the samples with 1% Sp-P as both had a 
whiteness value of 62. Even after adding 9% Sp-P, the whiteness of croaker surimi 
decreased only to ca. 52 (16% reduction), possibly due to an increase in b* values. 
Considering that these authors extracted Sp-P from Jack mackerel (a dark-muscle 
fish) and added it to croaker (a white-muscle fish) surimi, more reduction in 
whiteness was expected especially at the higher level of added Sp-P (9%). 
Significantly these authors (Park et al., 2003a) added extracted Sp-P only not a 
freeze-dried Sp-P powder to the surimi paste. Consequently, the amount of Sp-P 
A1 A2 A3 A4 A5
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and therefore pigments in a 9% (v/w) would be significantly less than a 9% Sp-P 
powder addition. Furthermore, it was hypothesised by the authors (Park et al., 
2003a,b) that possibly during the alkaline solubilization process used to extract the 
Sp-P, the haem proteins might have been lost during the process (personal 
communication). 
7.3.2 Temperature sweep test 
 
Oscillatory dynamic properties of threadfin bream surimi, without and with added 
Sp-P was tested by a temperature sweep test (Fig. 7.2 and Appendices 26-31). 
The control (35% sucrose) and the surimi without either added Sp-P or sucrose 
showed very similar thermodynamic patterns during linear (1ºC/min) heating from 
10ºC to 80ºC (Fig. 7.2). It confirms that sucrose does not interfere with the gel 
forming process as shown by Kim et al. (2005). 
 
Figure  7-2 Storage modulus (GA) of threadfin bream surimi during temperature sweep test 
from 10ºC to 80ºC at 100 Pa stress and 0.1 Hz frequency, before and after adding 
Sp-P* 
* As per table 7.1 
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Initial storage modulus (GJ) was 2.3 KPa to 2.4 KPa for all surimi samples tested 
irrespective of treatment. As the temperature increased (up to 40ºC), GJ increased 
to ca. 3.3 and 3.8 KPa for the control surimi and surimi with 20% added Sp-P, 
respectively, mainly due to “interaction of rod light meromyosin (LMM)” (Lanier, et 
al., 2005).  Afterward, at temperature range of 40-50ºC a decrease in GJ was 
recorded in which the depth of the GJ graph was inversely associated with the 
concentration of added Sp-P. Surimi with added Sp-P underwent a smaller 
reduction in GJ at a lower temperature compared with the control treatment at the 
modori stage. For example, the lowest GJ and the corresponding temperature for 
the control treatment were recorded at ca. 1.4 KPa and 50ºC, respectively. 
Whereas for the surimi with added Sp-P (35%) these parameters were recorded at 
ca. 2.9 KPa and 46ºC (Fig. 7.2).  
Furthermore, GJ values at the end of kamaboko stage, when the proteins are 
mostly aggregated and the surimi paste has turned into a well-disciplined gel 
matrix, also were affected by the concentration of added Sp-P. At 80ºC, GJ
increased from ca. 3.3 KPa for the control sample which had no added Sp-P (but 
35% sucrose) to ca. 12.3 KPa for surimi with 35% added Sp-P; ca. 273% 
improvement in the GJ of the resultant kamaboko gel (Fig. 7.2). The oscillatory 
dynamic properties during the temperature sweep test for samples with an 
additional 20 or 35% Sp-P were not significantly (p > 0.05) different which 
indicated that about the same amount of stored energy is available in their 
resultant kamaboko gel networks.  
These temperature sweep results are not in agreement with Kim et al. (2005) who 
reported that adding rockfish Sp-P at different concentrations (1-5%) into Alaska 
pollock surimi paste notably lowered the GJ at the initial temperature (10ºC) as well 
as increased the depth of the GJ curve stage, (which occurred at 45ºC) compared 
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with the control (no added Sp-P). Furthermore, these authors found that GJ value at 
75ºC (gelation completed) was unaffected by the added Sp-P (1-5%) whereas 
Park and Park (2007) pointed out the adding myoglobin (Mb) into the Pacific 
Whiting surimi affected only the kamaboko stage, negatively. There are at least 
three possible explanations for the different results for the small scale deformation 
studies of added Sp-P (over a range of 0-5%) for these three studies, namely: 
species, moisture content and Mf-P differences.  
The more likely explanation is the differences in the moisture and Mf-P content of 
the surimi gels studied; 78%, 80% and 85% moisture levels for Kim et al. (2005), 
Park and Park (2007) and this study, respectively. Thus Kim et al., (2005) adjusted 
their samples to 78% moisture whereas in these studies the water content was 
adjusted to 85%. Thus, there is no doubt that the difference in water content used 
in two studies can help explaining the difference in the results obtained. Possibly 
the stronger gels (lower moisture) are less “responsive” to low (0-5%) level 
addition of Sp-P. The Mf-P content appears to be handled differently in the three 
studies; in this study it was kept constant (16.25%, Appendix 24) whereas in two 
other studies (Kim et al., 2005b; Park & Park., 2007) it seems that the Mf-P level 
decreased as Sp-P increased. The decreasing Mf-P level (with added Sp-P) would 
result in less elasticity and therefore explain the decrease in the initial GJ value as 
well as the increase in the depth of the modori phase reported by Kim et al. 
(2005b). In Park study the approach used for addition of Sp-P was based on the 
surimi weight (w/w) not Mf-P content (personal communication). Overall, the 
significance of the moisture level and the Mf-P content on the effect of added Sp-P 
on the gel quality is unclear. Therefore, further studies are required to clear these 
issues. 
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The temperature at which the GJ showed a positive peak (40ºC) and negative 
peak (50ºC) was not affected by the concentration of added Sp-P (Fig. 7.2) which 
is in agreement with the results of Ko and Hwang (1995). These authors used two 
setting times: 20 min and 2 h, heated the milkfish meat (with 10 mg/g Sp-P) at 
90ºC to examine the trend during thermal gelation. They found no displacement in 
the temperatures at which suwari (40-50ºC) and modori (60-70ºC) formed with the 
addition of Sp-P. 
7.3.3 Effect of Sp-P on the gel strength of kamaboko 
 
In our study, threadfin bream kamaboko to which common carp Sp-P had been 
added during surimi processing had a greater puncture force, breaking distance 
and consequently a significantly (p < 0.05) greater gel strength compared with the 
control (Table 7.2 and Appendix 33). 
In the case of the control treatment, the samples were very weak and as the 
trigger force of texture analyser was set at 10 g, the samples were destroyed 
under the plunger before (ca. 9 g) the puncture force reached the trigger point. The 
possible explanation was that high moisture content (85%) of the control surimi 
samples resulted in a very weak kamaboko gel. 
Table  7-2 Puncture test values (Mean ± SE1) of threadfin bream surimi before and after 
adding Sp-P2
Addition of 
Sp-P Sucrose 
Breaking force 
(g) 
Break 
distance 
(mm) 
Gel strength 
(g.mm) 
Nil Nil 9a 0.5 4.5 
Nil 35% (control) 9a 0.5 4.5 
5% Sp-P 30% 11.55 ± 0.33z 1.57 ± 0.10 z 18.08 ± 0.84 z 
10% Sp-P 25% 11.84 ± 0.64 z 1.94 ± 0.19 z 23.28 ± 3.22 z 
20% Sp-P 15% 17.99 ± 0.33 y 2.61 ± 0.16 y 47.14 ± 3.68 y 
35% Sp-P 0% 26.60 ± 1.20 x 3.30 ± 0.14 x 88.32 ± 7.27 x 
1 SE standard error 
2 As per table 7.1 
a Breaking force of these samples were lower (observed to be 9 g) than the trigger force (set at 10 
g) of the texture analyser. Thus the gel strength is an estimate and not greater than the 
value cited. 
Different superscripts in the same column indicated significant difference (p < 0.05) according to a 
one-way ANOVA and LSD test. 
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However, after adding Sp-P, the gel strength of the kamaboko (proportionally) 
increased as the added Sp-P concentration increased. For example, by adding 
only 5% Sp-P, the gel strength was improved by ca. 300% compared with the 
control (Table 7.2), whereas after adding 35% Sp-P, the gel strength increased to 
ca. 88 g.mm which was 388% greater than the gel strength of the surimi with 5% 
added Sp-P (Table 7.2). Although these results demonstrated a positive effect on 
gel formation by Sp-P, whether Sp-P enhances or reduces the gel strength of 
kamaboko is still being debated. The evidence for the role of Sp-P in gel formation 
and consequently gel strength has been reviewed in Chapter 2, section 2.6.4.
7.3.4 SDS-PAGE  
 
To determine the purity of extracted Sp-P from common carp dark muscle, 
samples were analysed on SDS-PAGE (Figure 7.3). Nine protein bands were 
observed for both fresh and freeze-dried Sp-P samples. The major bands were at 
ca. 10, 23, 26, 27, 38, 43, 50, 60, and 97 KDa (Figure 7.3 lanes 2 and 3).  
These bands are not dissimilar to those from Nakagawa et al. (1988) who 
analysed Sp-P from muscle of 16 different fish species and found ca. 10 bands for 
carp: i 23, 25, 26, 33, 35, 40, 43, 49-51, 60 and 94 KDa. Furthermore, in another 
study conducted by Kristinsson et al. (2005) using channel catfish, about 11 bands 
were observed on the SDS-PAGE of the water from the washing cycles of the 
conventional method; 6.5, ~15, three polypeptides between 23-29, ~36, ~43, ~50, 
~60, ~84 and ~97 KDa. 
Apart from some Sp-P such as those with molecular weights of 23, 27, 38 and 43 
(these bands are in a similar position to that of Mf-P, see Fig. 7.3 lanes 2 and 3 
compared with lane 4), the rest of the bands were obvious on the SDS-PAGE 
profile especially as the percentage of added Sp-P increased. 
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Figure  7-3 SDS-PAGE of common carp Sp-P1 and threadfin 
bream myofibrillar proteins. 
Lane 1 is the protein marker, lane 2 and 3 are the protein 
profile of common carp Sp-P, before and after freeze 
drying, respectively, and lanes 4-8 are the protein 
profile of threadfin bream surimi before and after 
adding Sp-P at concentration of 5-35%, respectively. 
1As per table 7.1 
 
As expected, the bands those were present in the freeze-dried Sp-P (Fig. 7.3 
lanes 2 and 3) were also present in the threadfin bream after Sp-P addition. 
Furthermore, these bands increased in intensity as Sp-P concentration increased.  
This result was supported by Morioka and Shimizu (1993) who identified more 
than 8 bands (i 23, 25, 26, 35, 40, 43, 55 and 94 KDa) of Sp-P for eight fish 
species, including carp and noted that the distribution of protein from the wash 
water was not related to the fish species being examined as they all showed the 
same SDS-PAGE patterns. Morioka and Shimizu (1993) also examined the 
relationship between specific Sp-P in some fish species and the gel strength of the 
Sp-P gel  and they found about a 0.80 correlation coefficient between greater gel 
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strength of Sp-P gels with (a) increasing heat coagulability of specific Sp-P and (b) 
Sp-P proteins with molecular weights of 94, 40, and 26 KDa. However, only a 0.44 
correlation coefficient was obtained between Sp-P with molecular weight of 35 
KDa and gel strength, supporting Nakagawa and his colleagues (1989) who 
pointed out that some Sp-P such as glyceraldehyde phosphate dehydrogenase 
(GAPDH) with a molecular weight of 36 KDa as well as aldolase [ALD (160 KDa)], 
reduced the gel strength of kamaboko processed from three fish species; red sea 
bream, pacific mackerel and carp. 
Although, the effect of specific Sp-P on gelling was not addressed in the thesis, the 
authors recommend that further work needs to be done to confirm that Sp-P 
distribution is not species dependant as suggested by Morioka and Shimizu (1993) 
and that some Sp-P are detrimental to gelling whilst other Sp-P can assist gelling 
(Nakagawa et al., 1983; Morioka & Shimizu, 1993). 
7.3.5 Kamaboko gel microstructure 
 
Scanning electron microscopy [(SEM) ×1000] was carried out to analyse the inner 
microstructure of kamaboko samples (Figure 7.4). In our study, all treatments 
produced kamaboko samples that exhibited an orderly matrix with cross-linking to 
form polygonal structures. However, there was no discernible trend in terms of the 
numbers of polygonal structures/mm2 for the different treatments (data not shown), 
other than the polygonal structures/mm2 being denser in the centre of a sample 
than at the corners of each specimen rather than being evenly distributed 
throughout the specimen.  
To explain the microstructure of sardine surimi, subjected to different setting times 
and temperatures, Alvarez et al. (1999) examined only the outer surface of the 
suwari and kamaboko gel. These authors associated the optimum kamaboko  
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Figure 7-4 Scanning electron micrograph (SEM) of threadfin bream kamaboko without Sp-P (B1 and B2) and after adding (5-35%) Sp-P* (B3-B6) at
magnification ×1000
* As per table 7.1
B1
B6B5B4
B3B2
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texture “to a fibrillar microstructure with continuous, clearly contoured fibres or fibre 
bundles” observed in the surimi gel which was set at either 35ºC for 60 min or 
40ºC for 30 min. This microstructure description could also be meaningful for the 
SEM obtained in this study (Fig. 7.4). 
Kubota et al. (2003) stated that it is difficult to expound the internal gel 
microstructure of fish mince using conventional SEM. Thus, they suggested using 
VP (variable pressure)-SEM as a desirable technique for observing the broken 
surface of a kamaboko gel to reveal the 3-dimentional structure. These authors 
categorized the kamaboko gel microstructure as “porous structures, network 
structures and flat structures”. The authors of this thesis agree that obtaining 
meaningful micrographs using conventional SEM is difficult. In our study the 
addition of Cryo-transfer to the SEM technique was used and resulted in 
continuous contoured fibre bundles creating both a porous and network structure 
(polygonals) observable at ×1000 magnification (Fig. 7.4) of kamaboko gels 
examined. 
Based on SEM, no association was found between (a) the area or (b) the number 
of polygonal structures/mm2 and the textural characteristics such as gel strength of 
the resultant kamaboko. Surprisingly, kamaboko gels magnified to ×4000 showed 
an increase in the thickness and depth of the polygonal structures at higher 
concentrations of added Sp-P, specifically at 20 and 35% (compare Fig. 7.5, 7.6, 
7.7, 7.8 and 7.9). The changes in polygonal structures as a result of added Sp-P 
may be attributed either to cross-linking between specific types of Sp-P and Mf-P 
or enzymatic activity of endogenous TGase which mediated (catalysed) cross-
linking of MHC during setting. As mentioned earlier, Morioka and Shimizu (1992) 
associated improved gelling in threadfin bream surimi to the binding of Sp-P to Mf-
P. Furthermore, Nowsad and others (1995) also related the improvement in the gel 
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strength of the suwari gels to TGase-induced cross-linking of (MHC) during setting. 
Further study is required to determine how the analysis of SEM can be used to 
qualitatively and quantitatively explain the effect of adding Sp-P to surimi on the 
textural parameters (such as gel strength) of the resultant kamaboko to be able to 
associate the gel strength with the nature or level of cross-linking in the kamaboko 
gel. 
 
Figure  7-5 Scanning electron micrograph (SEM) of threadfin bream surimi without 
addition of Sp-P (0% Sp-P; control) at magnification ×4000 
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Figure  7-6 Scanning electron micrograph (SEM) of threadfin bream surimi after addition of 
Sp-P (5%) at magnification ×4000 
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Figure  7-7 Scanning electron micrograph (SEM) of threadfin bream surimi after addition of 
Sp-P (10%) at magnification ×4000 
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Figure  7-8 Scanning electron micrograph (SEM) of threadfin bream surimi after 
addition of Sp-P (20%) at magnification ×4000 
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Figure  7-9 Scanning electron micrograph (SEM) of threadfin bream surimi after addition 
of Sp-P (35%) at magnification ×4000 
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CHAPTER 8 CONCLUSIONS AND RECOMMENDATIONS 
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8.1 CONCLUSIONS 
 
Injecting, soaking and tumbling of light muscle of common carp with a solution of 
H2O2 (3%) at an initial pH of 10.5 (actual pH of 8.2) without STP for around 30 min 
at i 10ºC was the most effective condition trialled in terms of the improved 
whiteness.  
Next, this study evaluated the effect of bleaching (H2O2) solutions on the quality of 
the texture, rheology, and microstructure of the resultant surimi and kamaboko 
compared with those prepared from untreated common carp and threadfin bream. 
Dynamic rheological tests produced different viscoelastic (GJ, GQ and G) pattern for 
all surimi tested as well as threadfin bream and untreated common carp kamaboko 
showed greater elasticity value (as measured by storage modulus) compared with 
that for common carp kamaboko prepared from treated fillets (with 3% H2O2 at pH 
8.2 by injecting, soaking and tumbling for 30 min at 4-10ºC to whiten the surimi). 
Large scale texture studies demonstrated that threadfin bream produced a better 
quality surimi compared with that produced from untreated and treated common 
carp surimi prepared by the traditional method. The texture of the carp kamaboko 
was negatively affected if the carp fillets used had been treated with H2O2 (3%).  
The higher quality of threadfin bream kamaboko gel was supported by the SEM 
data of the kamaboko microstructure, which showed significantly (p < 0.05) greater 
number of smaller polygonal structures/mm2 in the gel matrix compared with those 
found in the carp kamaboko samples tested. The number and area of the 
polygonal structures could be a quantitative indicator of the strength of a gel, with 
the smaller polygonal structures possibly providing better textural characteristics in 
the threadfin bream kamaboko. 
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Furthermore, this study examined whether the poorer gel texture associated with 
the carp kamaboko compared with that of the threadfin bream is due to lower 
residual protein levels after processing or due to poorer protein quality, or a 
combination of these two factors. To do this, the traditional method (TM) of making 
surimi was compared with a modified conventional method (MCM) which used 
centrifugation instead of decanting and filtering. In addition, the effect of removing 
Sp-P (by the MCM which involves washing and dewatering steps that most likely 
removes most of the Sp-P) or retaining Sp-P (by AAM PMM) on the gel 
characteristics of resultant surimi and kamaboko was investigated. 
In the tested surimi, the gel matrices had nearly the same amount of cross-linking 
(ca. 30% of total area) and therefore about the same number of polygonal 
structures/mm2, however the microstructure changed after heating (90ºC for 30 
min) to produce kamaboko gels. MCM surimi produced a gel that had more protein 
cross-linking, a whiter colour, greater hardness, gel strength, and water holding 
capacity (WHC) (data not shown) compared with that produced by TM, AAM or 
PMM. By contrast, in the processes where Sp-P were retained (AAM and PMM) 
the resultant kamaboko gel had lower WHC and poorer textural characteristics. 
This was attributed to the retention of Sp-P in the surimi gel network due to the 
type of process and consequence lower level of cross-linking in the gel matrix 
(fewer polygonal structures /mm2) confirmed by SEMs. 
An approach to confirm the apparent negative effect of Sp-P was to add Sp-P at 
different concentrations (whilst maintaining both moisture and myofibrillar content 
constant) to the surimi gel matrix and then evaluate the resultant gel 
characteristics. Thus, this study also examined the effect of Sp-P on the gel 
characteristics of surimi and kamaboko gel by adding extracted and freeze dried 
common carp Sp-P at different concentrations (0-35%) into the threadfin bream 
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surimi. Gel electrophoresis confirmed the presence of Sp-P bands ranging from 
less than 10 to ~97 KDa before and after freeze drying of the Sp-P supernatant. 
The whiteness of threadfin bream surimi decreased significantly (p < 0.05) with 
added Sp-P mainly due to an increase in b* value. This was not unexpected as the 
Sp-P were isolated from the dark muscle of common carp. As utilization of these 
proteins has an environmental advantage, a process to improve the colour 
characteristics of the dark-muscle Sp-P needs to be developed. 
For the sol-gel transition graph during temperature sweep test, the depths of the 
valley in GJ thermograph become shallower with increasing concentration of added 
Sp-P. Storage modulus (GJ) showed significantly (p < 0.05) greater elasticity after 
adding Sp-P compared with the control without Sp-P. Furthermore, the breaking 
force and breaking distance and consequently gel strength of resultant kamaboko 
were improved, significantly. The textural quality enhancement of the resultant 
kamaboko gel could be associated with the added Sp-P. It was concluded that Sp-
P do not interfere with kamaboko gel formation during the sol-gel transition phase.  
The quality of the kamaboko produced could not be associated with the quantity of 
cross-linking of Mf-P as recorded by the SEM study. Quantitatively, no significant 
(p > 0.05) difference was recorded at a magnification of ×1000 in terms of the 
number of polygonal structure/mm2 in the gel microstructures of kamaboko 
samples prepared with different concentrations of added Sp-P. However, SEM of 
higher magnification (×4000) revealed a physical interaction between the added 
Sp-P and Mf-P in terms of depth and thickness of cross-linking area especially at 
higher concentration of added Sp-P (20% and 35%).  
Thus, it can be hypothesized that such an improvement in the gel properties of 
surimi and kamaboko gel was the consequence of either physical interaction of 
specific types of Sp-P with Mf-P or enzymatic activity of endogenous TGase which 
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catalysed the cross-linking of Mf-P during setting. This needs to be clarified. How 
the chemical nature of the Sp-P:Mf-P interactions manifest themselves physically 
in the gel matrix in unclear. By understanding both the chemical nature of the Sp-
P:Mf-P interaction as well as physical manifestation of these interaction at the 
SEM level, we would possibly be able to optimize these interactions to the benefit 
of gel quality. Further studies are needed to clarify this issue. 
8.2 RECOMMENDATIONS 
 
This study examined different methods for making a good quality surimi and 
kamaboko from the female common carp fillets with a focus on the functionality of 
Sp-P on the surimi and kamaboko gel network. However, further research is 
required to optimize the applied methods to improve the functional properties of 
the resultant surimi and kamaboko. Thus the following recommendations are 
suggested: 
Methodology investigations 
(A) Whitening of common carp surimi by applying H2O2
• Although H2O2 (3%) injected into fillets did whiten the final surimi and 
kamaboko, the whitening effect was not even and the textural properties of 
the resultant kamaboko were damaged. Instead of applying H2O2 to whole 
fillets to whiten the resultant surimi, it is recommended to either chop the 
fillet into smaller pieces or mince the fillets. Consequently, the pH of the 
treatment solution could be more evenly distributed (in either the chopped 
fillet or mince), and therefore injection of treatment solution can be deleted 
from the previous process. It is believed that by following this method, H2O2
at a lower concentration would as effectively whiten the resultant surimi as 
that used to treat the whole fillet in this study. If this were the case, greater 
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gel strength in the resultant kamaboko could be expected as less damage 
(specifically to the Mf-P) to the texture would occur at the lower H2O2
concentrations. 
(B) Optimizing the process of preparing common carp surimi  
• In our study, a general traditional method was used to make common carp 
surimi and kamaboko, however, this type of process needs to be optimized 
for common carp to prepare a quality surimi and kamaboko gel. To achieve 
this further work is needed to optimise the following steps: 
 Mince:water ratio 
 Washing time 
 Ionic strength and pH of the wash water 
 Salt concentration used in setting 
• According to the literature setting conditions are a function of the fish 
species and the temperature of the habitat. Generally, for making surimi the 
literature cites 4ºC/24h as being appropriate. So in this study with 4ºC/24h 
these were the trends recorded. However, it is acknowledged that 
kamaboko gel could be firmer if a high setting was used. 
• This would be recommended to reduce the water content of surimi gel 
preferably to 78-80% to produce a firmer and more elastic kamaboko gel. 
• To minimize the loss of Mf-P during the dewatering steps, a simple 
modification was carried out involving centrifugation after each washing 
cycle instead of decanting and filtration. However, based on the protein data 
it is suggested that the effect of one centrifugation instead of three on the 
gel characteristics of the resultant kamaboko be examined to assist in 
selecting the appropriate (efficient and effective) processing procedure for 
surimi production. 
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(C) More research and discussion needed: 
• Furthermore, the actual mechanism by which H2O2 whitens the fillets (or 
mince) and how the H2O2 reacts directly with the haemoglobin or myoglobin 
is another interesting topic which could be the subject of further study. This 
level of understanding would lead to an optimisation of H2O2 addition for 
surimi processing. 
• Another issue raised through this research was associated with the 
viscoelastic parameters used in the temperature sweep test; storage 
modulus (GJ), loss modulus (GQ) and phase angle (G) and other. An 
important question is which of these parameters more meaningfully indicate 
the viscoelasticity properties of surimi gel during thermodynamic sol-gel 
transition phases? Addressing this question would assist in the 
interpretation of data obtained. 
• Although, this study specifically addressed the effect of sarcoplasmic 
proteins (Sp-P) on the surimi and kamaboko gel network, the results 
obtained were dependent on the method applied. Retaining the Sp-P in the 
gel network by the alkaline-aided or pH-modified method impacted 
positively when compared with gels from TM. However, the impact of added 
Sp-P was negative in terms of gel characteristics of the resultant surimi and 
kamaboko when compared with the gels produced by the MCM (using 
washing and centrifugation in which Sp-P were removed). By contrast, after 
extracting the Sp-P and adding them back into the surimi gel network, there 
was a positive improvement in the textural properties of the resultant 
kamaboko gel. Further study is recommended to fully characterise the 
variables of surimi processing and their effect to explain what seems like a 
contradiction. 
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• Furthermore, based on SEM photos, no specific physical interaction for Sp-
P on the gel network after adding-back the Sp-P into the surimi gel could be 
identified, even though Sp-P had enhanced the gel strength. In other words, 
there was no correlation between added Sp-P concentrations and the 
number of polygonal structure/mm2 (or area of polygonal structures) in the 
resultant kamaboko gel network. So the question is if the Sp-P are 
improving the gel textural qualities (as the data gathered indicated), what is 
the mechanism and consequently in what way should the SEM photos be 
analysed to reflect this improvement? Further study is needed to clarify this 
issue. So that SEM can be used to meaningfully evaluate gel quality. 
• Another area recommended for study is the effect of specific Sp-P on the 
gel characteristics of kamaboko. Possibly not all Sp-P contribute to gel 
quality in the same way, some Sp-P improve gel quality, and others are 
detrimental. There is some literature supporting this idea. However, further 
work is needed to (a) confirm this data as well as (b) identify the usefulness 
of this information in terms of maximizing protein utilization as well as gel 
quality in the surimi process. 
• A defect of this and several studies that attempted to determine the role of 
Sp-P added to Mf-P is that they failed to eliminate the TGase cross-linking 
effect of from the general interaction of Sp-P with Mf-P. One is enzymatic 
and the other is protein-protein binding reactions. 
 
Overall, there are a number of significant issues still to be resolved to maximise 
both protein recovery and gel quality in particular for underutilized dark fleshed 
species such as common carp (Cyprinus carpio). 
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Appendix* 1 Colour values before and after treatment at 1% H2O2, no STP and different pH 
levels (7.0) 
 
Before treatment After treatment Sample 
No. Replicate L* a* b* L* a* b* IE
1 31.8 -0.8 -1.3 45.6 -1.2 -1.6 1 2 32.5 -0.5 -0.4 44.8 -0.9 0.0 
Average  32.15 -0.65 -0.85 45.2 -1.05 -0.8 
13.05 
1 33.6 -0.4 -0.8 46.2 -0.7 -1.5 2 2 33.7 -0.6 -1.1 45.7 -0.7 -1.5 
Average  33.65 -0.5 -0.95 45.95 -0.7 -1.5 
12.31 
1 34.5 0.0 -0.2 45.2 -0.2 0.3 3 2 33.8 -0.6 -0.5 45.5 -0.8 -0.2 
Average  34.15 -0.3 -0.35 45.35 -0.5 0.05 
11.21 
1 32.7 -0.4 -0.6 44.9 -0.7 -0.9 4 2 33.1 -0.2 -0.7 45.7 -0.6 -1.1 
Average  32.9 -0.3 -0.65 45.3 -0.65 -1 
12.41 
1 32.9 -0.7 -1.4 46.1 -0.5 -1.6 5 2 33.5 -0.6 -0.3 45.8 -0.4 -0.7 
Average  33.2 -0.65 -0.85 45.95 -0.45 -1.15 
12.75 
Total 
average 32.8 33.21 -0.48 -0.73 45.55 -0.67 -0.88 12.34 
STDEV 1.15 0.757 0.175 0.238 0.369 0.23 0.57 0.70 
* Appendix 1 is representative of colour data collected for each of the treatments trialled as per table 
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Appendix 2 One way analysis of colour data obtained with H2O2* concentrations (1-3%) and 
different pH levels (7.0-11.5) 
 
*H2O2 reported as H2O2 [SIC.] are due to an automatic print out and can not be altered  
Descriptive Statistics
Dependent Variable: colour
12.3488 .70174 5
12.0257 1.33688 5
12.1040 2.73093 5
12.4095 .40269 5
12.2220 1.45309 20
20.4117 .82752 5
20.7834 1.83420 5
20.6574 .97958 5
14.6503 .62417 5
19.1257 2.86062 20
25.1721 .45591 5
25.8336 1.19972 5
29.4900 2.60185 5
23.2347 5.50356 5
25.9326 3.68091 20
19.3109 5.51440 15
19.5476 6.06195 15
20.7505 7.63682 15
16.7648 5.66859 15
19.0934 6.28808 60
pH
7.00
8.50
10.50
11.50
Total
7.00
8.50
10.50
11.50
Total
7.00
8.50
10.50
11.50
Total
7.00
8.50
10.50
11.50
Total
H2O2
1.00
2.00
3.00
Total
Mean Std. Deviation N
Tests of Between-Subjects Effects
Dependent Variable: colour
2116.844a 11 192.440 42.761 .000
21873.569 1 21873.569 4860.430 .000
1879.830 2 939.915 208.854 .000
126.325 3 42.108 9.357 .000
110.690 6 18.448 4.099 .002
216.016 48 4.500
24206.429 60
2332.860 59
Source
Corrected Model
Intercept
H2O2
pH
H2O2 * pH
Error
Total
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .907 (Adjusted R Squared = .886)a. 
*
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Appendix 2 One way analysis of colour data obtained with H2O2* concentrations (1-3%) and 
different pH levels (7.0-11.5) … Continued 
 
Estimated Marginal Means 
 
*H2O2 reported as H2O2 [SIC.] are due to an automatic print out and can not be altered  
4. H2O2 * pH
Dependent Variable: colour
12.349 .949 10.441 14.256
12.026 .949 10.118 13.933
12.104 .949 10.196 14.012
12.410 .949 10.502 14.317
20.412 .949 18.504 22.319
20.783 .949 18.876 22.691
20.657 .949 18.750 22.565
14.650 .949 12.743 16.558
25.172 .949 23.265 27.080
25.834 .949 23.926 27.741
29.490 .949 27.582 31.398
23.235 .949 21.327 25.142
pH
7.00
8.50
10.50
11.50
7.00
8.50
10.50
11.50
7.00
8.50
10.50
11.50
H2O2
1.00
2.00
3.00
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. H2O2
Dependent Variable: colour
12.222 .474 11.268 13.176
19.126 .474 18.172 20.079
25.933 .474 24.979 26.886
H2O2
1.00
2.00
3.00
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
3. pH
Dependent Variable: colour
19.311 .548 18.210 20.412
19.548 .548 18.446 20.649
20.750 .548 19.649 21.852
16.765 .548 15.664 17.866
pH
7.00
8.50
10.50
11.50
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
1. Grand Mean
Dependent Variable: colour
19.093 .274 18.543 19.644
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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Appendix 2 One way analysis of colour data obtained with H2O2* concentrations (1-3%) and 
different pH levels (7.0-11.5) … Continued 
 
Post Hoc Tests 
 
H2O2 
 
pH 
 
*H2O2 reported as H2O2 [SIC.] are due to an automatic print out and can not be altered  
 
Multiple Comparisons
Dependent Variable: colour
LSD
-.2367 .77463 .761 -1.7942 1.3208
-1.4396 .77463 .069 -2.9971 .1179
2.5460* .77463 .002 .9885 4.1035
.2367 .77463 .761 -1.3208 1.7942
-1.2029 .77463 .127 -2.7604 .3546
2.7828* .77463 .001 1.2253 4.3402
1.4396 .77463 .069 -.1179 2.9971
1.2029 .77463 .127 -.3546 2.7604
3.9856* .77463 .000 2.4281 5.5431
-2.5460* .77463 .002 -4.1035 -.9885
-2.7828* .77463 .001 -4.3402 -1.2253
-3.9856* .77463 .000 -5.5431 -2.4281
(J) pH
8.50
10.50
11.50
7.00
10.50
11.50
7.00
8.50
11.50
7.00
8.50
10.50
(I) pH
7.00
8.50
10.50
11.50
Mean
Difference
(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval
Based on observed means.
The mean difference is significant at the .05 level.*. 
Multiple Comparisons
Dependent Variable: colour
LSD
-6.9037* .67085 .000 -8.2525 -5.5549
-13.7106* .67085 .000 -15.0594 -12.3617
6.9037* .67085 .000 5.5549 8.2525
-6.8069* .67085 .000 -8.1557 -5.4581
13.7106* .67085 .000 12.3617 15.0594
6.8069* .67085 .000 5.4581 8.1557
(J) H2O2
2.00
3.00
1.00
3.00
1.00
2.00
(I) H2O2
1.00
2.00
3.00
Mean
Difference
(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval
Based on observed means.
The mean difference is significant at the .05 level.*. 
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Appendix 2 One way analysis of colour data obtained with H2O2* concentrations (1-3%) and 
different pH levels (7.0-11.5) … Continued 
 
Regression 
 
*H2O2 reported as H2O2 [SIC.] are due to an automatic print out and can not be altered  
 
Variables Entered/Removedb
pH, H2O2a . Enter
Model
1
Variables
Entered
Variables
Removed Method
All requested variables entered.a. 
Dependent Variable: colourb. 
ANOVAb
1899.470 2 949.735 124.910 .000a
433.390 57 7.603
2332.860 59
Regression
Residual
Total
Model
1
Sum of
Squares df Mean Square F Sig.
Predictors: (Constant), pH, H2O2a. 
Dependent Variable: colourb. 
Coefficientsa
8.458 2.131 3.969 .000
6.855 .436 .898 15.724 .000
-.328 .204 -.092 -1.608 .113
(Constant)
H2O2
pH
Model
1
B Std. Error
Unstandardized
Coefficients
Beta
Standardized
Coefficients
t Sig.
Dependent Variable: coloura. 
Model Summary
.902a .814 .808 2.75742
Model
1
R R Square
Adjusted
R Square
Std. Error of
the Estimate
Predictors: (Constant), pH, H2O2a. 
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Appendix 3 Water holding capacity (WHC) of fillets before and after treatment with 1% H2O2,
no STP and different pH levels (7.0-11.5) 
 
pH 7.0 Initial 
Weight 
or Ms(g) 
Filter paper Weight 
(×4) before spinning 
(g) 
Filter paper 
Weight (×4) after 
spinning 
(g) 
Expelled Water 
or Mw(g) 
WHC 
1 10.03 1.38 3.32 1.93 806.96 
2 10.02 1.39 3.38 1.99 801.06 
Sample 
No. 
3 10.01 1.39 3.30 1.91 808.53 
Average 10.02 1.39 3.33 1.94 805.52 
STDEV 0.01 0.00 0.040 0.03 3.94 
pH 8.5 Initial 
Weight 
or Ms(g) 
Filter paper Weight 
(×4) before spinning 
(g) 
Filter paper 
Weight (×4) after 
spinning 
(g) 
Expelled Water 
or Mw(g) 
WHC 
1 10.03 1.38 3.24 1.86 814.43 
2 10 1.39 3.28 1.88 811.32 
Sample 
No. 
3 10.03 1.40 3.22 1.82 818.12 
Average 10.02 1.39 3.25 1.85 814.62 
STDEV 0.01 0.00 0.03 0.03 3.40 
pH 10.5 Initial 
Weight 
or Ms(g) 
Filter paper Weight 
(×4) before spinning 
(g) 
Filter paper 
Weight (×4) after 
spinning 
(g) 
Expelled Water 
or Mw(g) 
WHC 
1 10.02 1.38 3.23 1.84 815.67 
2 9.99 1.36 3.20 1.82 817.03 
Sample 
No. 
3 9.98 1.38 3.26 1.87 812.04 
Average 9.99 1.37 3.22 1.85 814.91 
STDEV 0.02 0.01 0.03 0.02 2.57 
pH 11.5 Initial 
Weight 
or Ms(g) 
Filter paper Weight 
(×4) after spinning 
(g) 
Expelled Water or Mw(g) WHC 
1 10.01 3.08 1.82 818.48 
2 10.02 3.18 1.86 813.75 
Sample 
No. 
3 10.01 2.95 1.83 816.71 
Average 10.01 3.07 1.84 816.31 
STDEV 0.00 0.11 0.02 2.38 
* Appendix 3 is representative of the WHC date collected for each of the other treatment trialled as   
per table 4.5
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Appendix 4 One way analysis of WHC data obtained with H2O2 concentration (1-3%) and 
different pH levels (7.0-11.5) 
*H2O2 reported as H2O2 [SIC.] are due to an automatic print out and can not be altered  
 
Descriptive Statistics
Dependent Variable: WHC
805.5167 3.93861 3
814.6250 3.40669 3
814.9130 2.57947 3
816.3142 2.38848 3
812.8422 5.20932 12
806.0733 3.47300 3
810.9867 1.65195 3
813.9267 4.57718 3
815.6800 2.05502 3
811.6667 4.65945 12
802.8800 1.73675 3
804.9567 1.30309 3
809.8867 6.63932 3
811.8733 4.47558 3
807.3992 5.18244 12
804.8233 3.13530 9
810.1894 4.67894 9
812.9088 4.82089 9
814.6225 3.43750 9
810.6360 5.42386 36
pH
7.00
8.50
10.50
11.50
Total
7.00
8.50
10.50
11.50
Total
7.00
8.50
10.50
11.50
Total
7.00
8.50
10.50
11.50
Total
H2O2
1.00
2.00
3.00
Total
Mean Std. Deviation N
Tests of Between-Subjects Effects
Dependent Variable: WHC
733.105a 11 66.646 5.394 .000
23656706.9 1 23656706.89 1914660 .000
196.881 2 98.440 7.967 .002
495.398 3 165.133 13.365 .000
40.826 6 6.804 .551 .765
296.534 24 12.356
23657736.5 36
1029.638 35
Source
Corrected Model
Intercept
H2O2
pH
H2O2 * pH
Error
Total
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
R Squared = .712 (Adjusted R Squared = .580)a. 
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Appendix 4 One way analysis of WHC data obtained with H2O2 concentration (1-3%) and 
different pH levels (7.0-11.5) … Continued 
Estimated Marginal Means 
 
*H2O2 reported as H2O2 [SIC.] are due to an automatic print out and can not be altered  
 
1. Grand Mean
Dependent Variable: WHC
810.636 .586 809.427 811.845
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
2. H2O2
Dependent Variable: WHC
812.842 1.015 810.748 814.936
811.667 1.015 809.572 813.761
807.399 1.015 805.305 809.493
H2O2
1.00
2.00
3.00
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
4. H2O2 * pH
Dependent Variable: WHC
805.517 2.029 801.328 809.705
814.625 2.029 810.436 818.814
814.913 2.029 810.724 819.102
816.314 2.029 812.126 820.503
806.073 2.029 801.885 810.262
810.987 2.029 806.798 815.175
813.927 2.029 809.738 818.115
815.680 2.029 811.491 819.869
802.880 2.029 798.691 807.069
804.957 2.029 800.768 809.145
809.887 2.029 805.698 814.075
811.873 2.029 807.685 816.062
pH
7.00
8.50
10.50
11.50
7.00
8.50
10.50
11.50
7.00
8.50
10.50
11.50
H2O2
1.00
2.00
3.00
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
3. pH
Dependent Variable: WHC
804.823 1.172 802.405 807.242
810.189 1.172 807.771 812.608
812.909 1.172 810.491 815.327
814.623 1.172 812.204 817.041
pH
7.00
8.50
10.50
11.50
Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
175
Appendix 4 One way analysis of WHC data obtained with H2O2 concentration (1-3%) and 
different pH levels (7.0-11.5) … Continued 
Post Hoc Tests 
 
H2O2 
 
pH 
 
Multiple Comparisons
Dependent Variable: WHC
LSD
1.1755 1.43501 .421 -1.7862 4.1373
5.4430* 1.43501 .001 2.4813 8.4048
-1.1755 1.43501 .421 -4.1373 1.7862
4.2675* 1.43501 .007 1.3058 7.2292
-5.4430* 1.43501 .001 -8.4048 -2.4813
-4.2675* 1.43501 .007 -7.2292 -1.3058
(J) H2O2
2.00
3.00
1.00
3.00
1.00
2.00
(I) H2O2
1.00
2.00
3.00
Mean
Difference
(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval
Based on observed means.
The mean difference is significant at the .05 level.*. 
Multiple Comparisons
Dependent Variable: WHC
LSD
-5.3661* 1.65701 .003 -8.7860 -1.9462
-8.0854* 1.65701 .000 -11.5053 -4.6655
-9.7992* 1.65701 .000 -13.2191 -6.3793
5.3661* 1.65701 .003 1.9462 8.7860
-2.7193 1.65701 .114 -6.1392 .7006
-4.4331* 1.65701 .013 -7.8530 -1.0132
8.0854* 1.65701 .000 4.6655 11.5053
2.7193 1.65701 .114 -.7006 6.1392
-1.7137 1.65701 .311 -5.1336 1.7062
9.7992* 1.65701 .000 6.3793 13.2191
4.4331* 1.65701 .013 1.0132 7.8530
1.7137 1.65701 .311 -1.7062 5.1336
(J) pH
8.50
10.50
11.50
7.00
10.50
11.50
7.00
8.50
11.50
7.00
8.50
10.50
(I) pH
7.00
8.50
10.50
11.50
Mean
Difference
(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval
Based on observed means.
The mean difference is significant at the .05 level.*. 
176
Appendix 4 One way analysis of WHC data obtained with H2O2 concentration (1-3%) and 
different pH levels (7.0-11.5) … Continued 
Regression 
 
*H2O2 reported as H2O2 [SIC.] are due to an automatic print out and can not be altered  
Variables Entered/Removedb
H2O2, pHa . Enter
Model
1
Variables
Entered
Variables
Removed Method
All requested variables entered.a. 
Dependent Variable: WHCb. 
Model Summary
.793a .629 .606 3.40246
Model
1
R R Square
Adjusted
R Square
Std. Error of
the Estimate
Predictors: (Constant), H2O2, pHa. 
Coefficientsa
796.676 3.395 234.649 .000
2.070 .325 .676 6.371 .000
-2.722 .695 -.416 -3.919 .000
(Constant)
pH
H2O2
Model
1
B Std. Error
Unstandardized
Coefficients
Beta
Standardized
Coefficients
t Sig.
Dependent Variable: WHCa. 
ANOVAb
647.607 2 323.803 27.970 .000a
382.031 33 11.577
1029.638 35
Regression
Residual
Total
Model
1
Sum of
Squares df Mean Square F Sig.
Predictors: (Constant), H2O2, pHa. 
Dependent Variable: WHCb. 
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Appendix 5 Dynamic properties of untreated common carp (A), treated* common carp (B) 
and threadfin bream (C) surimi at constant stress (100 Pa) as a function of frequency (0.1-10 
Hz) at 10ºC
*Fillets treated with 3% H2O2 at pH 8.2 by injecting, soaking, and tumbling for 30 min at 4-10ºC 
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Appendix 6 Dynamic properties of untreated common carp (A), treated* common carp (B) 
and threadfin bream (C) surimi at constant frequency (0.1 Hz) as a function of stress (1- 400 
Pa) at 10ºC
* As per appendix 5 
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Appendix 7 Dynamic properties of untreated common carp (A), treated* common carp (B) 
and threadfin bream (C) surimi at constant stress (100 Pa) as a function of frequency (0.1-10 
Hz) at 80ºC
* As per appendix 5 
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Appendix 8 Dynamic properties of untreated common carp (A), treated* common carp (B) 
and threadfin bream (C) surimi at constant frequency (0.1 Hz) as a function of stress (1-800 
Pa) at 80ºC
* As per appendix 5 
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Appendix 9 Puncture test results of untreated common carp, treated common carp, and 
threadfin bream kamaboko gel  
 
Breaking Force (g) Breaking Distance (mm) GS (g.mm) 
76.30 6.16 469.61 
77.40 5.58 431.68 
Untreated common carp 
74.35 6.15 457.09 
Average 76.02 5.96 452.79 
STDEV 1.54 0.33 19.33 
62.10 4.47 277.59 
59.89 4.71 282.37 
Treated common carp 
 
61.83 4.35 268.97 
Average 61.27 4.51 276.31 
STDEV 1.21 0.19 6.79 
104.84 5.34 560.35 
109.21 5.33 582.35 
Threadfin bream 
 
107.02 5.34 571.35 
Average 107.02 5.34 571.35 
STDEV 2.19 0.01 11.00 
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Appendix 10 Texture profile analysis (TPA) of untreated common carp, treated common carp and threadfin bream kamaboko gel
Hardness (N) Cohesiveness Adhesiveness Stickiness Springiness Gumminess
15.03 0.55 -0.99 -0.44 0.9955 8.31
15.08 0.53 -1.00 -0.48 0.9986 8.03
Kamaboko gel from
Untreated common carp
15.77 0.54 -1.20 -0.60 0.9961 8.58
Average 15.06 0.54 -0.99 -0.46 0.9970 8.17
STDEV 0.03 0.01 0.01 0.03 0.0022 0.20
Hardness (N) Cohesiveness Adhesiveness Stickiness Springiness Gumminess
13.45 0.52 -0.57 -0.24 0.9455 6.98
12.91 0.52 -0.58 -0.25 0.9286 6.74
Kamaboko gel from
Treated common carp
13.89 0.52 -0.34 -0.22 0.9361 7.21
Average 13.18 0.52 -0.58 -0.25 0.9370 6.86
STDEV 0.38 0.00 0.01 0.01 0.0119 0.17
23.40 0.55 -1.13 -0.67 1.0000 12.96
22.67 0.54 -0.87 -0.54 0.9953 12.20
Kamaboko gel from
Threadfin bream
23.59 0.52 -1.10 -0.59 0.9950 12.20
Average 23.22 0.54 -1.03 -0.60 0.9968 12.45
STDEV 0.48 0.02 0.14 0.06 0.0028 0.44
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Appendix 11 Separated water from washed fish mince by 
centrifugation at 10,000 ×g for 20 min at 4ºC in modified 
conventional method (MCM). 
 
Appendix 12 Schematic process of alkaline-aided method (AAM): Solubilization of 
fish mince at pH 11.5 (A), Supernatant and sediment of homogenate mince of light 
fillet of common carp after centrifugation at 10,000 ×g for 20 min at 4ºC (B), 
precipitation of solubilized proteins at pH 5.5 (C), isolated proteins and supernatant 
after 2nd centrifugation (D).  
A
D
B
C
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Appendix 13 Temperature sweep data* from common carp surimi prepared by traditional 
method (TM) 
 
* Temperature sweep test was carried out from 10-80ºC at 100 Pa stress and under 0.1 Hz 
frequency and the parameters recorded were storage modulus (GJ), loss modulus (GQ) and phase 
angel (G)
‚ [Pa] Â [-] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.07088 11.2 1290 570.6 23.86 0.442 
100 0.05678 15.1 1644 632.5 21.05 0.385 
100 0.05459 19.5 1699 685.4 21.97 0.404 
100 0.05229 24.7 1761 745.3 22.94 0.423 
100 0.05018 28.8 1823 804.9 23.82 0.442 
100 0.04574 33.2 2022 832.2 22.37 0.412 
100 0.03625 36.7 2627 840 17.73 0.32 
100 0.03309 40.8 2912 807.9 15.51 0.277 
100 0.04083 44 2365 637.7 15.09 0.27 
100 0.07032 47 1385 324 13.17 0.234 
100 0.06936 50.5 1424 224.5 8.959 0.158 
100 0.05352 53.6 1851 255.7 7.865 0.138 
100 0.03856 60.1 2573 325.7 7.213 0.127 
100 0.02869 65.8 3462 404.4 6.663 0.117 
100 0.0235 72.2 4231 447.1 6.031 0.106 
100 0.02228 77.1 4466 439.9 5.625 0.09849 
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Appendix 14 Temperature sweep data from common carp surimi prepared by modifided 
conventional method (MCM)* 
 
* As per appendix 13 
 
T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] |ƒ*| [Pas] 
11.5 668.5 482.5 35.82 0.722 1312 
15.7 926.8 652.8 35.16 0.704 1804 
20.2 1173 825 35.12 0.703 2282 
24.5 1331 927 34.86 0.697 2581 
28.5 1370 942.1 34.51 0.687 2647 
32.9 1258 837.6 33.66 0.666 2405 
36.5 1223 684.2 29.22 0.559 2231 
39.9 1742 498.3 15.97 0.286 2883 
43.1 2032 341.9 9.551 0.168 3280 
46.7 1986 378.7 10.8 0.191 3217 
49.6 2256 640.2 15.85 0.284 3732 
52.4 2753 985.3 19.69 0.358 4654 
56.6 3988 3646 42.44 0.914 8600 
63.2 309700 77360 14.03 0.25 508000 
68.6 381400 19280 2.894 0.05056 607700 
73.8 414500 32960 4.546 0.07952 661700 
78.8 385400 13520 2.009 0.03508 613700 
84.9 388700 6289 0.927 0.01618 618800 
87.4 340700 4473 0.752 0.01313 542200 
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Appendix 15 Temperature sweep data from common carp surimi prepared by alkaline-aided 
method (AAM)* 
 
* As per appendix 13 
 
‚ [Pa] Â [-] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.0743 10.7 1188 632.4 28.03 0.532 
100 0.09115 14.8 910.6 611.9 33.9 0.672 
100 0.108 18.9 731.7 568.9 37.87 0.778 
100 0.133 23.4 546.3 516.3 43.38 0.945 
100 0.162 27.2 406.3 465.7 48.9 1.146 
100 0.187 31.7 359.1 395 47.73 1.1 
100 0.125 35.3 660 456.4 34.66 0.691 
100 0.05759 39.1 1593 690.3 23.43 0.433 
100 0.01259 42 7492 2644 19.44 0.353 
100 0.004535 44.7 21650 4182 10.93 0.193 
100 0.002622 48 37610 6305 9.516 0.168 
100 0.002163 50.5 45620 7554 9.402 0.166 
100 0.002055 53.5 48090 7454 8.812 0.155 
100 0.001979 58.2 49880 8142 9.271 0.163 
100 0.001978 64.6 49880 8253 9.396 0.165 
100 0.002017 69.7 49020 7475 8.67 0.152 
100 0.001942 75.6 50910 7811 8.723 0.153 
100 0.001846 77.8 53550 8189 8.695 0.153 
100 0.001766 77.2 55980 8494 8.629 0.152 
100 0.001738 77.2 57080 7297 7.286 0.128 
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Appendix 16 Temperature sweep data from common carp surimi prepared by pH-modified  
method (PMM)* 
 
*As per appendix 13 
‚ [Pa] Â [-] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.02391 11.1 1163 1833 25.99 0.488 
100 0.01901 14.3 1077 1648 18.26 0.33 
100 0.01935 18.2 1007 1556 17.52 0.316 
100 0.01995 22.6 952.5 1457 16.9 0.304 
100 0.01978 26 961.1 1417 16.28 0.292 
100 0.0177 30 1180 1415 14.51 0.259 
100 0.01607 33.2 2341 1447 13.45 0.239 
100 0.01558 36.8 8564 1462 13.17 0.234 
100 0.01612 39.7 18420 1405 13.1 0.233 
100 0.01365 42.5 33620 1620 12.78 0.227 
100 0.00832 45.9 42310 2621 12.6 0.223 
100 0.00531 48.5 48900 3951 12.11 0.215 
100 0.003739 51.5 50120 5171 11.15 0.197 
100 0.003088 53.8 51960 5450 9.688 0.171 
100 0.00271 57.6 53570 6025 9.398 0.166 
100 0.002525 62.7 54480 6911 10.05 0.177 
100 0.002357 68.8 55260 7162 9.718 0.171 
100 0.002241 73.6 54610 6944 8.954 0.158 
100 0.002087 77.6 59050 7048 8.458 0.149 
100 0.001869 77.2 61510 6577 7.061 0.124 
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Appendix 17 raw data of colour values (L*, a*, b* and whiteness) of kamaboko prepared by 
Traditional method (TM), modified conventional method (MCM), alkaline-aided method 
(AAM) and pH modified method (PPM). 
 
Kamaboko 
type 
Sample 
No. 
Colour values 
1 L* a* b* 
whiteness 
2 73.3 -3.3 6 55.3 
3 73.4 -3.3 5.9 55.7 
4 71.5 -3.5 5.4 55.3 
5 71 -3.2 7.2 49.4 
Traditional 
method 
(TM) 
6 70.8 -2.6 6.5 51.3 
STDEV 71.62 -3.2 6.3 52.72 
Average 1.03 0.35 0.69 -1.01 
Kamaboko 
type 
Sample 
No. 
Colour values 
1 L* a* b* 
whiteness 
2 72.4 -3.1 -3.2 82 
3 72.3 -3.1 -2.8 80.7 
4 71.2 -3.1 -3.1 80.5 
5 70.4 -3.3 -2.9 79.1 
Modified 
conventional 
method 
(MCM) 
6 70.5 -3.1 -3.1 79.8 
STDEV 70.96 -3.2 -3.1 80.26 
Average 0.82 0.14 0.31 -0.10 
Kamaboko 
type 
Sample 
No. 
Colour values 
1 L* a* b* 
whiteness 
2 74.4 -3.7 2 68.4 
3 73.4 -3.4 2 67.4 
4 74.4 -3.6 2.3 67.5 
5 72.8 -3.5 2.3 65.9 
Alkaline-
aided 
method 
(AAM) 
6 70.5 -2.2 1.1 67.2 
STDEV 73.06 -3.28 2.06 66.88 
Average 1.57 0.61 0.58 -0.16 
Kamaboko 
type 
Sample 
No. 
Colour values 
1 L* a* b* 
whiteness 
2 77.1 -2.9 1.5 72.6 
3 77.3 -2.4 1.4 73.1 
4 77.1 -2.9 1.6 72.3 
5 77 -3 1.3 73.1 
pH modified 
method 
(PMM) 
6 78.3 -2.8 1.7 73.2 
STDEV 77.04 -2.64 1.42 72.78 
Average 1.00 0.38 0.24 0.29 
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Appendix 18  Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
 
TPA parameters 
Treatment type Replicate Hardness 
(N) Cohesiveness 
Adhesiveness 
(N/S) Elasticity 
TM 1 26.77 0.54 0.67 0.9952 
TM 2 25.80 0.54 0.55 0.9997 
TM 3 25.55 0.53 0.55 0.9995 
Ave.  26.04 0.54 0.59 0.9981 
STDEV  0.64 0.01 0.07 0.0025 
MCM 1 38.52 0.5444 1.14 0.9995 
MCM 2 38.87 0.5419 0.95 0.9984 
MCM 3 39.57 0.55 0.98 0.9978 
Ave.  38.99 0.55 1.02 0.9986 
STDEV  0.53 0.00 0.10 0.0009 
AAM 1 39.4 0.55 0.84 0.9978 
AAM 2 38.1 0.55 0.8 0.9995 
AAM 3 38.5 0.54 0.85 0.9985 
Ave.  38.67 0.55 0.83 0.9986 
STDEV  0.67 0.01 0.03 0.0009 
PMM 1 39.73 0.58 0.73 0.9982 
PMM 2 38.52 0.62 0.77 0.9997 
PMM 3 39.89 0.54 0.75 0.9979 
Ave.  39.26 0.58 0.76 0.9987 
STDEV  0.69 0.04 0.01 0.0009 
Puncture parameters 
Treatment type Replicate Breaking 
force (g) Distance (mm) 
Gel Strength 
(g/mm) 
TM 1 187.73 6.34 1189.27 
TM 2 176.58 6.32 1115.1 
TM 3 162.56 5.64 916.85 
Ave.  175.62 6.10 1073.74 
STDEV  12.61 0.40 140.84 
MCM 1 250.86 6.59 1720.71 
MCM 2 281.5 7.27 1984.9 
MCM 3 261.61 6.58 1906.01 
Ave.  264.66 6.81 1870.54 
STDEV  15.55 0.40 135.62 
AAM 1 234.8 5.52 1296.09 
AAM 2 238.59 5.75 1371.92 
AAM 3 228.56 5.45 1245.65 
Ave.  233.98 5.57 1304.55 
STDEV  5.06 0.16 63.56 
PMM 1 235.87 5.58 1316.15 
PMM 2 238.65 5.74 1369.85 
PMM 3 233.56 5.25 1226.19 
Ave.  236.03 5.52 1304.06 
STDEV  2.55 0.25 72.59 
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Appendix 19  Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
 
One-way ANOVA: Hardness  
 
Source     DF       SS       MS       F      P 
Treatment   3  379.328  126.443  296.54  0.000 
Error       8    3.411    0.426 
Total      11  382.739 
 
S = 0.6530   R-Sq = 99.11%   R-Sq(adj) = 98.77% 
 
Individual 95% CIs For Mean Based on 
 Pooled StDev
Level     N    Mean  StDev  -------+---------+---------+---------+-- 
AAM       3  38.667  0.666                                 (--*-) 
MCM       3  38.987  0.535                                  (-*--) 
TM        3  26.040  0.644  (-*-) 
PMM       3  39.380  0.749                                   (-*--) 
 -------+---------+---------+---------+-- 
 28.0      32.0      36.0      40.0 
Pooled StDev = 0.653 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Treatment 
 
Individual confidence level = 98.74% 
 
Treatment = AAM subtracted from: 
 
Treatment    Lower   Center    Upper  ---------+---------+---------+---------+ 
MCM         -1.388    0.320    2.028                   (-*--) 
TM         -14.334  -12.627  -10.919   (-*-) 
PMM         -0.994    0.713    2.421                    (-*-) 
 ---------+---------+---------+---------+ 
 
-8.0       0.0       8.0      16.0 
 
Treatment = MCM subtracted from: 
 
Treatment    Lower   Center    Upper  ---------+---------+---------+---------+ 
TM         -14.654  -12.947  -11.239   (-*-) 
PMM         -1.314    0.393    2.101                   (-*--) 
 ---------+---------+---------+---------+ 
 
-8.0       0.0       8.0      16.0 
 
Treatment = non-wash subtracted from: 
 
Treatment   Lower  Center   Upper  ---------+---------+---------+---------+ 
PMM        11.632  13.340  15.048                                    (-*-) 
 ---------+---------+---------+---------+ 
 -8.0 0.0 8.0      16.0 
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Appendix 19  Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
… Continued 
 
One-way ANOVA: Cohesiveness  
 
Source     DF        SS        MS     F      P 
Treatment   3  0.003272  0.001091  2.59  0.125 
Error       8  0.003368  0.000421 
Total      11  0.006639 
 
S = 0.02052   R-Sq = 49.28%   R-Sq(adj) = 30.25% 
 
Individual 95% CIs For Mean Based on 
 Pooled StDev 
Level     N     Mean    StDev  ------+---------+---------+---------+--- 
AAM       3  0.54667  0.00577      (----------*----------) 
MCM       3  0.54543  0.00415     (----------*----------) 
TM        3  0.53667  0.00577  (----------*----------) 
PMM       3  0.58000  0.04000                   (----------*----------) 
 ------+---------+---------+---------+--- 
 0.525 0.550     0.575     0.600 
 
Pooled StDev = 0.02052 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Treatment 
 
Individual confidence level = 98.74% 
 
Treatment = AAM subtracted from: 
 
Treatment     Lower    Center    Upper 
MCM        -0.05489  -0.00123  0.05243 
TM         -0.06366  -0.01000  0.04366 
PMM        -0.02033   0.03333  0.08699 
 
Treatment  ---------+---------+---------+---------+ 
MCM                (----------*---------) 
TM               (----------*----------) 
PMM                       (----------*---------) 
 ---------+---------+---------+---------+ 
 -0.050     0.000     0.050     0.100 
 
Treatment = MCM subtracted from: 
 
Treatment     Lower    Center    Upper 
TM         -0.06243  -0.00877  0.04489 
PMM        -0.01909   0.03457  0.08823 
 
Treatment  ---------+---------+---------+---------+ 
TM                (---------*----------) 
PMM                       (----------*----------) 
 ---------+---------+---------+---------+ 
 -0.050     0.000     0.050     0.100 
 
Treatment = non-wash subtracted from: 
 
Treatment     Lower   Center    Upper 
PMM        -0.01033  0.04333  0.09699 
 
Treatment  ---------+---------+---------+---------+ 
PMM                         (----------*---------) 
 ---------+---------+---------+---------+ 
 -0.050     0.000     0.050     0.100 
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Appendix 19 Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
… Continued 
 
One-way ANOVA: Adhesiveness 
 
Source     DF       SS       MS      F      P 
Treatment   3  0.29210  0.09737  23.84  0.000 
Error       8  0.03267  0.00408 
Total      11  0.32477 
 
S = 0.06390   R-Sq = 89.94%   R-Sq(adj) = 86.17% 
 
Individual 95% CIs For Mean Based on 
 Pooled StDev 
Level     N     Mean   StDev  ---------+---------+---------+---------+ 
AAM       3  -0.8300  0.0265              (----*----) 
MCM       3  -1.0233  0.1021  (----*----) 
TM        3  -0.5900  0.0693                             (----*----) 
PMM       3  -0.7500  0.0200                   (----*----) 
 ---------+---------+---------+---------+ 
 -0.96     -0.80     -0.64     -0.48 
 
Pooled StDev = 0.0639 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Treatment 
 
Individual confidence level = 98.74% 
 
Treatment = AAM subtracted from: 
 
Treatment     Lower    Center     Upper 
MCM        -0.36046  -0.19333  -0.02621 
TM          0.07287   0.24000   0.40713 
PMM        -0.08713   0.08000   0.24713 
 
Treatment  -------+---------+---------+---------+-- 
MCM               (---*----) 
TM                            (----*----) 
PMM                       (---*----) 
 -------+---------+---------+---------+-- 
 -0.35      0.00      0.35      0.70 
 
Treatment = MCM subtracted from: 
 
Treatment    Lower   Center    Upper  -------+---------+---------+---------+-- 
TM         0.26621  0.43333  0.60046                           (---*----) 
PMM        0.10621  0.27333  0.44046                      (----*----) 
 -------+---------+---------+---------+-- 
 -0.35      0.00      0.35      0.70 
 
Treatment = non-wash subtracted from: 
 
Treatment     Lower    Center    Upper 
PMM        -0.32713  -0.16000  0.00713 
 
Treatment  -------+---------+---------+---------+-- 
PMM                (---*----) 
 -------+---------+---------+---------+-- 
 -0.35      0.00      0.35      0.70 
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Appendix 19 Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
… Continued 
 
One-way ANOVA: Elasticity  
 
Source     DF         SS         MS     F      P 
Treatment   3  0.0000004  0.0000001  0.06  0.978 
Error       8  0.0000179  0.0000022 
Total      11  0.0000183 
 
S = 0.001495   R-Sq = 2.27%   R-Sq(adj) = 0.00% 
 
Individual 95% CIs For Mean Based on 
 Pooled StDev 
Level     N     Mean    StDev  --------+---------+---------+---------+- 
AAM       3  0.99865  0.00088     (----------------*----------------) 
MCM       3  0.99862  0.00087     (----------------*---------------) 
TM        3  0.99821  0.00255  (---------------*----------------) 
PMM       3  0.99865  0.00096     (----------------*----------------) 
 --------+---------+---------+---------+- 
 0.9972    0.9984    0.9996    1.0008 
 
Pooled StDev = 0.00150 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Treatment 
 
Individual confidence level = 98.74% 
 
Treatment = AAM subtracted from: 
 
Treatment      Lower     Center     Upper 
MCM        -0.003935  -0.000024  0.003887 
TM         -0.004348  -0.000437  0.003474 
PMM        -0.003910   0.000001  0.003912 
 
Treatment  -------+---------+---------+---------+-- 
MCM         (---------------*---------------) 
TM          (--------------*---------------) 
PMM         (---------------*---------------) 
 -------+---------+---------+---------+-- 
 -0.0025    0.0000    0.0025    0.0050 
 
Treatment = MCM subtracted from: 
 
Treatment      Lower     Center     Upper 
TM         -0.004324  -0.000413  0.003498 
PMM        -0.003886   0.000025  0.003936 
 
Treatment  -------+---------+---------+---------+-- 
TM        (--------------*---------------) 
PMM         (---------------*---------------) 
 -------+---------+---------+---------+-- 
 -0.0025    0.0000    0.0025    0.0050 
 
Treatment = non-wash subtracted from: 
 
Treatment      Lower    Center     Upper 
PMM        -0.003473  0.000438  0.004349 
 
Treatment  -------+---------+---------+---------+-- 
PMM           (---------------*--------------) 
 -------+---------+---------+---------+-- 
 -0.0025    0.0000    0.0025    0.0050 
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Appendix 19 Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
… Continued 
 
One-way ANOVA: Breaking force  
 
Source     DF     SS    MS      F      P 
Treatment   3  12560  4187  38.69  0.000 
Error       8    866   108 
Total      11  13425 
 
S = 10.40   R-Sq = 93.55%   R-Sq(adj) = 91.13% 
 
Individual 95% CIs For Mean Based on 
 Pooled StDev
Level     N    Mean  StDev  ------+---------+---------+---------+--- 
AAM       3  233.98   5.06                     (----*----) 
MCM       3  264.66  15.55                                (---*----) 
TM        3  175.62  12.61  (----*---) 
PMM       3  236.03   2.55                      (----*---) 
 ------+---------+---------+---------+--- 
 180       210       240       270 
 
Pooled StDev = 10.40 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Treatment 
 
Individual confidence level = 98.74% 
 
Treatment = AAM subtracted from: 
 
Treatment   Lower  Center   Upper  ---------+---------+---------+---------+ 
MCM          3.47   30.67   57.88                      (---*----) 
TM         -85.57  -58.36  -31.15       (---*----) 
PMM        -25.16    2.04   29.25                 (---*----) 
 ---------+---------+---------+---------+ 
 -60 0 60       120 
 
Treatment = MCM subtracted from: 
 
Treatment    Lower  Center   Upper  ---------+---------+---------+---------+ 
TM         -116.24  -89.03  -61.83  (---*----) 
PMM         -55.84  -28.63   -1.42            (---*----) 
 ---------+---------+---------+---------+ 
 -60 0 60 120 
 
Treatment = non-wash subtracted from: 
 
Treatment  Lower  Center  Upper  ---------+---------+---------+---------+ 
PMM        33.20   60.40  87.61                           (---*----) 
 ---------+---------+---------+---------+ 
 -60 0 60       120 
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Appendix 19 Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
… Continued 
 
One-way ANOVA: Distance  
 
Source     DF     SS     MS      F      P 
Treatment   3  3.242  1.081  10.75  0.004 
Error       8  0.805  0.101 
Total      11  4.047 
 
S = 0.3171   R-Sq = 80.12%   R-Sq(adj) = 72.66% 
 
Individual 95% CIs For Mean Based on 
 Pooled StDev 
Level     N    Mean   StDev  -----+---------+---------+---------+---- 
AAM       3  5.5733  0.1570   (------*------) 
MCM       3  6.8133  0.3955                        (------*------) 
TM        3  6.1000  0.3985            (------*------) 
PMM       3  5.5233  0.2499  (------*------) 
 -----+---------+---------+---------+---- 
 5.40      6.00      6.60      7.20 
 
Pooled StDev = 0.3171 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Treatment 
 
Individual confidence level = 98.74% 
 
Treatment = AAM subtracted from: 
 
Treatment    Lower   Center   Upper  --------+---------+---------+---------+- 
MCM         0.4106   1.2400  2.0694                       (------*------) 
TM         -0.3028   0.5267  1.3561                 (------*------) 
PMM        -0.8794  -0.0500  0.7794             (------*-----) 
 --------+---------+---------+---------+- 
 -1.2 0.0       1.2       2.4 
 
Treatment = MCM subtracted from: 
 
Treatment    Lower   Center    Upper  --------+---------+---------+---------+- 
non-wash   -1.5428  -0.7133   0.1161       (------*------) 
PMM        -2.1194  -1.2900  -0.4606  (------*------) 
 --------+---------+---------+---------+- 
 -1.2       0.0       1.2       2.4 
 
Treatment = non-wash subtracted from: 
 
Treatment    Lower   Center   Upper  --------+---------+---------+---------+- 
PMM        -1.4061  -0.5767  0.2528        (------*------) 
 --------+---------+---------+---------+- 
 -1.2 0.0       1.2       2.4 
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Appendix 19 Raw data and statistical analysis of texture parameters from fracture tests 
(TPA and puncture test) of kamaboko prepared form traditional method (TM), modified 
conventional method (MCM), alkaline-aided method (AAM) and pH-modified method (PMM) 
… Continued 
 
One-way ANOVA: GS  
 
Source     DF       SS      MS      F      P 
Treatment   3  1036838  345613  29.08  0.000 
Error       8    95075   11884 
Total      11  1131914 
 
S = 109.0   R-Sq = 91.60%   R-Sq(adj) = 88.45% 
 
Individual 95% CIs For Mean Based on 
 Pooled StDev
Level     N    Mean  StDev  ---------+---------+---------+---------+ 
AAM       3  1304.6   63.6          (---*----) 
MCM       3  1870.5  135.6                             (---*----) 
TM        3  1073.7  140.8  (----*----) 
PMM       3  1304.1   72.6          (---*----) 
 ---------+---------+---------+---------+ 
 1200 1500      1800      2100 
 
Pooled StDev = 109.0 
 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons among Levels of Treatment 
 
Individual confidence level = 98.74% 
 
Treatment = AAM subtracted from: 
 
Treatment   Lower  Center  Upper  --------+---------+---------+---------+- 
MCM         280.9   566.0  851.1                         (---*----) 
TM         -515.9  -230.8   54.3           (----*----) 
PMM        -285.6    -0.5  284.6               (----*----) 
 --------+---------+---------+---------+- 
 -600         0       600      1200 
 
Treatment = MCM subtracted from: 
 
Treatment    Lower  Center   Upper  --------+---------+---------+---------+- 
TM         -1081.9  -796.8  -511.7  (----*---) 
PMM         -851.6  -566.5  -281.4      (----*---) 
 --------+---------+---------+---------+- 
 -600 0 600      1200 
 
Treatment = non-wash subtracted from: 
 
Treatment  Lower  Center  Upper  --------+---------+---------+---------+- 
PMM        -54.8   230.3  515.4                   (----*----) 
 --------+---------+---------+---------+- 
 -600         0       600      1200 
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Appendix 20 Protein analysis of common carp surimi prepared by Traditional method (TM)
Protein contents (hg/35 mL) of 
Mince sample after: Wash water after: 
Sample 
number 
for trial 
1
Protein  
of fish 
mince 
(hg/35 
mL) 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1 0.3131 0.3844 0.3518 0.3056 0.1898 0.1262 0.1259
2 0.3107 0.3869 0.3547 0.3039 0.1875 0.1374 0.1322
3 0.3151 0.3865 0.3491 0.3017 0.1940 0.1317 0.1515
Average 0.3129 0.3859 0.3518 0.3037 0.1904 0.1317 0.1365
SD 0.0022 0.0013 0.0028 0.0019 0.0032 0.0056 0.0133
Protein 
(%) 18.32 14.7 13.0373 12.32 2.7342 1.1424 1.2243 
Protein contents (hg/35 mL) of 
Mince sample after: Wash water after: 
Sample 
number 
for trial 
3
Protein  
of fish 
mince 
(hg/35 
mL) 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1 0.3726 0.3701 0.3378 0.3630 0.1776 0.1941 0.1515 
2 0.3707 0.3455 0.3532 0.3697 0.1661 0.1630 0.1304 
3 0.3784 0.3549 0.3545 0.3590 0.1769 0.1608 0.1329 
Average 0.3739 0.3568 0.3485 0.3639 0.1735 0.1726 0.1383 
SD 0.0040 0.0124 0.0093 0.0054 0.0064 0.0186 0.0115 
Protein 
(%) 18.5132 15.1993 13.7000 11.5900 2.7673 1.6950 1.1002 
Protein contents (hg/35 mL) of 
Mince sample after: Wash water after: 
Sample 
number 
for trial 
2
Protein  
of fish 
mince 
(hg/35 
mL) 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1 0.3725 0.3726 0.2397 0.2932 0.1932 0.1577 0.1743
2 0.3811 0.3707 0.2474 0.2973 0.1920 0.1580 0.1681
3 0.3751 0.3784 0.2474 0.2921 0.1804 0.1805 0.1760
Average 0.3762 0.3739 0.2448 0.2942 0.1885 0.1654 0.1728
SD 0.0044 0.0040 0.0044 0.0027 0.0070 0.0130 0.0041
Protein 
(%) 17.1290 15.8218 13.0373 12.0720 3.1364 2.5727 1.6950 
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Appendix 21 Protein analysis of common carp surimi prepared by modified conventional 
method (MCM)
Protein contents (hg/35 mL) of 
Mince sample after: Wash water after: 
Sample 
number 
for trial 
1
Protein  
of fish 
mince 
(hg/35 
mL) 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1 0.4455 0.4110 0.3906 0.3887 0.4673 0.2032 0.1765 
2 0.3957 0.3991 0.3499 0.3838 0.5534 0.2048 0.1748 
3 0.3962 0.3765 0.3470 0.3836 0.4984 0.2046 0.2129 
Average 0.4125 0.3955 0.3625 0.3854 0.5064 0.2042 0.1881 
SD 0.0286 0.0175 0.0244 0.0029 0.0436 0.0009 0.0215 
Protein 
(%) 17.9999 15.9381 15.3400 14.7700 2.1448 0.3325 0.2892 
Protein contents (hg/35 mL) of 
Mince sample after: Wash water after: 
Sample 
number 
for trial 
2
Protein  
of fish 
mince 
(hg/35 
mL) 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1 0.2367 0.2349 0.1796 0.1794 0.8217 0.3169 0.1844 
2 0.2296 0.2277 0.1821 0.1794 0.8220 0.3168 0.1844 
3 0.2317 0.2269 0.1821 0.1749 0.8168 0.3077 0.1834 
Average 0.2327 0.2298 0.1813 0.1779 0.8202 0.3138 0.1841 
SD 0.0036 0.0044 0.0014 0.0026 0.0029 0.0053 0.0006 
Protein 
(%) 18.5600 16.0300 15.4100 14.8600 2.3700 0.4700 0.2200 
Protein contents (hg/35 mL) of 
Mince sample after: Wash water after: 
Sample 
number 
for trial 
3
Protein  
of fish 
mince 
(hg/35 
mL) 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1st 
washing 
cycle 
2nd 
washing 
cycle 
3rd 
washing 
cycle 
1 0.3932 0.3665 0.3198 0.3462 0.1913 0.1073 0.0734 
2 0.3873 0.3737 0.3112 0.3304 0.1940 0.1066 0.0860 
3 0.3921 0.3853 0.3088 0.3387 0.1969 0.1049 0.0834 
Average 0.3909 0.3752 0.3133 0.3384 0.1941 0.1063 0.0809 
SD 0.0031 0.0095 0.0058 0.0079 0.0028 0.0012 0.0067 
Protein 
(%) 17.4300 15.7300 14.8100 14.0600 2.2000 0.6100 0.3400 
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Appendix 22 Protein analysis of common carp surimi prepared by alkaline-aided method
(AAM)
Protein contents (hg/35 mL) of 
1st centrifugation after 
proteins solubilization 
2nd centrifugation after 
proteins precipitation 
Sample 
number 
for trial 
1
Protein  of 
fish mince
(hg/35 
mL) Supernatant 
(soluble  proteins) sediment
Supernatant 
(S-P proteins)
Isolated 
proteins 
1 0.1492 0.1248 0.1576 0.1323 0.1065 
2 0.1425 0.1275 0.1575 0.1299 0.1121 
3 0.1465 0.1273 0.1453 0.1298 0.1126 
Average 0.1461 0.1265 0.1535 0.1307 0.1104 
SD 0.0034 0.0015 0.0071 0.0014 0.0034 
Protein 
(%) 17.1300 13.2800 3.7500 1.3712.04 12.0400 
Protein contents (hg/35 mL) of 
1st centrifugation after 
proteins solubilization 
2nd centrifugation after 
proteins precipitation 
Sample 
number 
for trail 
2
Protein  
of fish 
mince 
(hg/35 
mL) 
Supernatant 
(soluble  proteins) sediment
Supernatant 
(S-P proteins)
Isolated 
proteins 
1 0.4626 0.4088 0.1973 0.4086 0.4905 
2 0.4606 0.4183 0.1878 0.4003 0.4646 
3 0.4754 0.4043 0.2064 0.4015 0.4811 
Average 0.4662 0.4105 0.1972 0.4035 0.4787 
SD 0.0080 0.0071 0.0093 0.0045 0.0131 
Protein 
(%) 17.8200 15.0600 3.0100 1.8500 13.2400 
Protein contents (hg/35 mL) of 
1st centrifugation after 
proteins solubilization 
2nd centrifugation after 
proteins precipitation 
Sample 
number 
for trial 
3
Protein  of 
fish mince
(hg/35 
mL) Supernatant 
(soluble  proteins) sediment
Supernatant 
(S-P proteins)
Isolated 
proteins 
1 0.5796 0.4526 0.5796 0.3417 0.4947 
2 0.5602 0.4389 0.5602 0.3400 0.3855 
3 0.5867 0.4480 0.5967 0.3355 0.3821 
Average 0.5755 0.4465 0.5788 0.3391 0.4208 
SD 0.0137 0.0070 0.0183 0.0032 0.0641 
Protein 
(%) 16.2900 14.1600 2.0300 0.8500 13.0400 
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Appendix 23 Protein analysis of common carp surimi prepared by pH modified method
(PMM)
Protein contents (hg/35 mL) of 
Centrifugation after proteins solubilization 
Sample 
number for 
trial 1 
Protein  of fish 
mince 
(hg/35 mL) Supernatant (Sp-P) Sediment (protein) 
1 0.2323 0.2107 0.2228 
2 0.2335 0.2000 0.2424 
3 0.2345 0.2115 0.2255 
Average 0.2334 0.2074 0.2302 
SD 0.0011 0.0064 0.0106 
Protein (%) 18.8400 2.0900 17.0200 
Protein contents (hg/35 mL) of 
Centrifugation after proteins solubilization 
Sample 
number for 
trial 2 
 
Protein  of fish 
mince 
(hg/35 mL) Supernatant (Sp-P) Sediment (protein) 
1 0.2323 0.2107 0.2228 
2 0.2335 0.2000 0.2424 
3 0.2345 0.2115 0.2255 
Average 0.2334 0.2074 0.2302 
SD 0.0011 0.0064 0.0106 
Protein (%) 16.8200 1.8900 15.9400 
Protein contents (hg/35 mL) of 
Centrifugation after proteins solubilization 
Sample 
number for 
trial 3 
 
Protein  of fish 
mince 
(hg/35 mL) Supernatant (Sp-P) Sediment (protein) 
1 0.2323 0.2107 0.2228 
2 0.2335 0.2000 0.2424 
3 0.2345 0.2115 0.2255 
Average 0.2334 0.2074 0.2302 
SD 0.0011 0.0064 0.0106 
Protein (%) 18.0200 1.8100 17.0800 
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Appendix 24 BCA assay standard curves for measuring proteins amount of samples during modified conventional, alkaline-aided and pH modified
methods
BCA assay standard curve for modified conventional method
y = 0.0062x + 0.0805
R2 = 0.9941
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BCA assay standard curve for pH modified method
y = 0.0108x + 0.1724
R2 = 0.9965
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BCA assay standard curve for traditional method (TM)
y = 0.0071x + 0.1089
R2 = 0.9994
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BCA assay standard curve for alkaline-aided method (AAM)
y = 0.0038x + 0.0676
R2 = 0.9974
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Appendix 25 Calculation for (A) adding 0-35% Sp-P and 2% salt into the Threadfin bream 
surimi and (B) adjusting the moisture content to 85% 
 
(A) calculation for adding Sp-P 
 
1. Protein content (%) present in the threadfin bream surimi 
 
Sample          protein amount (%)        average (%)
1 16.62 
2 16.41                      16.25 
3 15.73 
 
2. The amount of myofibrillar protein (Mf-P) for a 75* g sample of surimi 
would be: 
 
16.25 g                     100g 
 X 75g                                            
 
X = 12.19 g total Mf-P  
 
* Sufficient for all testing required 
 
3. as Mf-P constitute 65% of total protein content then the total amount 
of needed  protein was: 
 
12.19 g                        65% 
X 100%                                             
 
X= 18.75 g total P  
 
4. If 35% of the total protein is Sp-P, then the amount of Sp-P would be:                 
X= 6.56 g (18.75 g – 12.19 g)  
 
5. To check the calculations 
 
The % of Mf-P would be = (12.19/18.75)*100= 65.01~ 65% 
The % of Sp-P would be = (6.56/18.75)*100= 34.98~ 35% 
 
6. however, freeze –dried Sp-P has a moisture content of 5%, then the 
actual amount of Sp-P needed was: 
 
6.56 Sp-P                   95% 
 X 100%                
 
X = 6.90 g total weight of Sp-P needed to be added to the surimi 
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7. That is we need to add 6.90 g of freeze-dried Sp-P to obtain 6.56 g 
of solid Sp-P. The remainder 0.34 mL (6.90-6.50) is due to the water 
content present in the freeze-dried Sp-P  
 
8. Surimi sample has 80% moisture content, then the amount of water 
in 75 g of surimi is =75 × 0.8= 60 mL H2O
9. Thus 75 g of surimi consist of = 12.19 Mf-P + 60 mL H2O + 2.81 
unspecified material = 75 g 
 
10.   However, Sp-P and salt need to be added thus: 
 
Sp-P (6.56 g + 0.34 mL of H2O) and 1.5 g (2% of 75 g) salt  
= 8.40 
 
(B) To calculate the amount of water needed to reach a moisture content 
of 85%, the steps are as follows: 
1. Amount of Needed H2O was 
 
(83.41 g + X) × 0.85        where X is addition of water 
needed and 83.41 g  
= 75 g (point 9 above) + 8.40 g (point 10 above) 
 
2. Amount of water needed is also =  
 
12.19 Mf-P + 6.56 Sp-P + 0.34 H2O + 60 ml H2O + 2.81 
unspecified materials + 1.5 salt + X mL                       
 Where X = amount of added water 
 
Thus: 
 
(83.41 g + X) × 0.85 = 12.19 Mf-P + 6.56 Sp-P + 0.34 H2O +
60 ml H2O + 2.81 unspecified materials + 1.5 salt + X mL                        
 
(83.41 g + X) × 0.85 = 60 mL H2O + 0.35 mL H2O + X =
60.35mL H2O + X
70.90 g + 0.85 X = 60.35 mL H2O + X
X – 0.85X = 70.96 – 60.35 
 
0.15X = 10.55 
 
X = 70.33 mL H2O
3. Thus the composition of the surimi was: 
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12.19 g Mf-P + 6.56 g Sp-P + 1.5 g salt + 2.81 unspecified 
materials + 130.68 mL H2O (60 + 0.35 + 70.33)  
= 153.74 g total weight with a moisture content of 85% 
 
4. To check the calculations 
 
Percentage of H2O would be = (130.68 / 153.74) * 100 = 
85.00% 
 
Percentage of Sp-P would be = (12.19/18.75) * 100 = 
65.01% 
 
Percentage of Mf-P would be = (6.56/18.75) * 100 = 
34.98% 
 
Percentage of total protein would be = (18.75/153.74) * 
100 = 12.19% 
 
5. overall the surimi sample consisted of the following combinations: 
 
75g surimi at 85% moisture content 
Added 
SP-P (%)
Added 
SP-P (g) 
Sugar 
(sucrose) 
Mf-P (g) Total 
protein (g) 
H2O 
content 
(mL) 
Total 
weight 
(g) 
0 0 6.90 12.19* 12.19 122.46 153.74 
5 0.98 5.92 12.19 13.17 121.48 153.74 
10 1.97 4.93 12.19 14.16 120.49 153.74 
20 3.94 2.96 12.19 16.13 118.52 153.74 
35 6.90 0 12.19 19.09 115.56 153.74 
Thus the Mf-P and H2O content was maintained at a constant level. 
* 12.19g in 75 g of surimi is 16.25% 
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Appendix 26 Colour values of threadfin bream surimi before and after adding Sp-P at 
different level (0-35%) 
Colour parameters Percentage 
of added 
Sp-P 
Replication 
L* a* b* Whiteness Colour deviation (IE) 
1 56.70 -0.50 -2.90 65.40 
2 56.00 -0.52 -3.20 65.60 
3 56.20 -0.55 -3.10 65.50 
4 55.60 -0.60 -2.80 64.00 
0% (Control)
5 56.10 -0.50 -3.20 65.70 
Average  56.12 -0.53 -3.04 65.24 
SE  0.18 0.02 0.08 0.31 
NA 
1 54.7 0.0 -2.40 57.4 2.12 
2 56.0 -0.6 -2.60 59 0.61 
3 55.2 -1.0 -2.90 58.5 1.11 
4 55.6 -0.8 -2.50 58 0.36 
0% 
5 55.1 -0.7 -2.80 58.1 1.10 
Average  55.32 -0.62 -0.96 58.20 1.06 
SE  0.22 0.17 0.05 0.27 0.30 
1 50.00 0.80 2.70 41.90 8.83 
2 49.00 0.00 1.80 43.60 8.62 
3 49.60 0.20 2.50 42.10 8.69 
4 48.30 0.50 2.20 41.70 8.92 
5% 
5 47.30 0.00 2.80 38.90 10.66 
Average  48.84 0.30 2.40 41.64 9.14 
SE  0.48 0.15 0.18 0.76 0.38 
1 48.00 1.50 5.10 32.70 11.09 
2 46.00 1.60 4.90 31.30 13.69 
3 45.20 0.90 4.60 31.40 13.54 
4 44.90 0.60 4.30 32.00 13.43 
10% 
5 45.40 1.90 4.20 32.80 13.50 
Average  45.90 1.30 4.62 32.04 13.05 
SE  0.55 0.24 0.17 0.31 0.49 
1 42.50 2.50 7.80 19.10 17.12 
2 42.90 4.90 8.90 16.20 19.22 
3 43.70 3.90 8.30 18.80 17.58 
4 43.80 4.70 9.00 16.80 17.92 
20% 
5 44.90 4.20 7.60 22.10 16.46 
Average  43.56 4.04 8.32 18.60 17.66 
SE  0.41 0.42 0.28 1.03 0.46 
1 41.90 7.00 9.60 13.10 19.86 
2 41.60 6.50 8.60 15.80 20.54 
3 37.00 5.30 7.70 13.90 22.93 
4 40.40 5.30 7.50 17.90 19.83 
35% 
5 38.20 4.70 8.90 11.50 22.51 
Average  39.82 5.76 8.46 14.44 21.13 
SE  0.95 0.42 0.35 1.10 0.66 
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Appendix 27 Temperature sweep data from threadfin bream surimi without Sp-P or sucrose* 
 
* As per appendix 13 
‚ [Pa] f [Hz] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.1 11.1 2663 662.1 13.96 0.249 
100 0.1 16.6 2465 974.5 21.57 0.395 
100 0.1 22.2 2776 839.3 16.82 0.302 
100 0.1 27.2 2788 903.1 17.95 0.324 
100 0.1 32.1 2970 769.5 14.53 0.259 
100 0.1 37.6 3233 834.6 14.47 0.258 
100 0.1 41.8 3016 848.7 15.72 0.281 
100 0.1 45.9 1786 501.3 15.68 0.281 
100 0.1 49.6 1276 228.2 10.14 0.179 
100 0.1 54.1 1686 229.2 7.738 0.136 
100 0.1 60.6 2140 267.7 7.128 0.125 
100 0.1 67.6 2423 305.2 7.178 0.126 
100 0.1 74.4 2654 347.3 7.455 0.131 
100 0.1 78.4 3354 436.1 7.409 0.13 
10 20 30 40 50 60 70 80
T [°C]
100
1000
10000
G
'
[P
a]
,G
"
[P
a]
6
8
10
12
14
16
18
20
22
Ì
[°
]
control (no Sp- P, no Sucrose)
G' = f (T)
G" = f (T)
Ì = f (T)
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Appendix 28 Temperature sweep data from threadfin bream surimi with 0% Sp-P and 35% 
Sucrose* 
 
* As per appendix 13 
‚ [Pa] f [Hz] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.1 11.2 2599 629.4 13.61 0.242 
100 0.1 16.3 2752 687.3 14.02 0.25 
100 0.1 21.4 2723 862.2 17.57 0.317 
100 0.1 26 2812 874.8 17.28 0.311 
100 0.1 30.3 2859 870.9 16.94 0.305 
100 0.1 35.4 3035 781 14.43 0.257 
100 0.1 39.2 3272 794 13.64 0.243 
100 0.1 42.7 3309 914.1 15.44 0.276 
100 0.1 46 2362 692.4 16.34 0.293 
100 0.1 49.9 1400 300.8 12.13 0.215 
100 0.1 52.8 1559 236.1 8.608 0.151 
100 0.1 57.1 1918 260.4 7.733 0.136 
100 0.1 63.2 2477 346.2 7.956 0.14 
100 0.1 70.2 2988 432.1 8.228 0.145 
100 0.1 75.9 3354 502.4 8.518 0.15 
100 0.1 77.8 3980 598 8.546 0.15 
10 20 30 40 50 60 70 80
T [°C]
100
1000
10000
G
'
[P
a]
,G
"
[P
a]
7
8
9
10
11
12
13
14
15
16
17
18
Ì
[°
]
control (no Sp- P, 35% sucrose)
G' = f (T)
G" = f (T)
Ì = f (T)
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Appendix 29 Temperature sweep data from threadfin bream surimi with 5% Sp-P and 30% 
Sucrose* 
 
* As per appendix 13 
‚ [Pa] f [Hz] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.1 11.1 2471 644.3 14.61 0.261 
100 0.1 15.8 2671 729.3 15.27 0.273 
100 0.1 20.7 2676 924.4 19.05 0.345 
100 0.1 25.2 2813 926.9 18.24 0.33 
100 0.1 29.4 2915 921.3 17.54 0.316 
100 0.1 34 3082 934.1 16.86 0.303 
100 0.1 37.9 3328 859.2 14.47 0.258 
100 0.1 41.7 3532 992.9 15.7 0.281 
100 0.1 45.1 2870 834.7 16.22 0.291 
100 0.1 49 1645 385.9 13.2 0.235 
100 0.1 52.1 1793 270.7 8.584 0.151 
100 0.1 55.3 2280 289.5 7.236 0.127 
100 0.1 61.1 3079 382.1 7.074 0.124 
100 0.1 68.1 4332 558.6 7.349 0.129 
100 0.1 73.8 5011 657.3 7.473 0.131 
100 0.1 78.1 5686 764.3 7.655 0.134 
10 20 30 40 50 60 70 80
T [°C]
100
1000
10000
G
'
[P
a]
,G
"
[P
a]
6
8
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12
14
16
18
20
Ì
[°
]
5% Sp- P and 30% sucrose
G' = f (T)
G" = f (T)
Ì = f (T)
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Appendix 30 Temperature sweep data from threadfin bream surimi with 10% Sp-P and 25% 
Sucrose* 
 
* As per appendix 13 
‚ [Pa] f [Hz] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.1 11.5 2422 653.5 15.1 0.27 
100 0.1 16.3 2499 900.6 19.82 0.36 
100 0.1 21.1 2702 951.8 19.41 0.352 
100 0.1 25.5 3004 950.5 17.56 0.316 
100 0.1 29.5 3196 1069 18.49 0.334 
100 0.1 34.1 3611 1153 17.7 0.319 
100 0.1 37.7 3968 1106 15.57 0.279 
100 0.1 41.3 4334 1269 16.32 0.293 
100 0.1 44.8 3792 1160 17.01 0.306 
100 0.1 48.5 2519 671.5 14.93 0.267 
100 0.1 51.5 2770 532 10.87 0.192 
100 0.1 54.5 3570 587 9.337 0.164 
100 0.1 60.1 4796 738.7 8.755 0.154 
100 0.1 66 6815 975.1 8.142 0.143 
100 0.1 72.9 8778 1212 7.858 0.138 
100 0.1 77.6 9874 1397 8.055 0.142 
10 20 30 40 50 60 70 80
T [°C]
100
1000
10000
G
'
[P
a]
,G
"
[P
a]
6
8
10
12
14
16
18
20
Ì
[°
]
10% Sp- P and 25% sucrose
G' = f (T)
G" = f (T)
Ì = f (T)
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Appendix 31 Temperature sweep data from threadfin bream surimi with 20% Sp-P and 15% 
Sucrose* 
 
* As per appendix 13 
‚ [Pa] f [Hz] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.1 11.6 2401 654.1 15.24 0.272 
100 0.1 16.4 2592 677.3 14.64 0.261 
100 0.1 21.1 2450 877.7 19.71 0.358 
100 0.1 25.5 2660 832.6 17.38 0.313 
100 0.1 29.6 2768 873.3 17.51 0.315 
100 0.1 34.1 3026 812.4 15.03 0.269 
100 0.1 37.8 3351 924.9 15.43 0.276 
100 0.1 41.3 3823 1079 15.76 0.282 
100 0.1 44.7 3581 970.1 15.16 0.271 
100 0.1 48.6 3095 585 10.7 0.189 
100 0.1 51.8 3865 522.8 7.703 0.135 
100 0.1 54.9 5064 625.4 7.041 0.124 
100 0.1 60.6 6713 878 7.452 0.131 
100 0.1 67.8 10070 1455 8.223 0.145 
100 0.1 73.5 12270 1468 6.824 0.12 
100 0.1 77.7 13710 1456 6.064 0.106 
10 20 30 40 50 60 70 80
T [°C]
100
1000
10000
100000
G
'
[P
a]
,G
"
[P
a]
6
8
10
12
14
16
18
20
Ì
[°
]
20% Sp- P and 15% sucrose 2
G' = f (T)
G" = f (T)
Ì = f (T)
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Appendix 32 Temperature sweep data from threadfin bream surimi with 35% Sp-P and 0% 
Sucrose* 
 
* As per appendix 13 
‚ [Pa] f [Hz] T [°C] G' [Pa] G" [Pa] Ì [°] tan(Ì) [-] 
100 0.1 11 2341 661.7 15.78 0.283 
100 0.1 16.4 2447 694.2 15.84 0.284 
100 0.1 22.3 2155 962.1 24.06 0.447 
100 0.1 27.4 2268 998.9 23.77 0.44 
100 0.1 32.3 2500 916.1 20.12 0.366 
100 0.1 37.7 3033 910.1 16.7 0.3 
100 0.1 42 3379 980.9 16.19 0.29 
100 0.1 45.9 2892 690.4 13.43 0.239 
100 0.1 49.7 3381 515.3 8.665 0.152 
100 0.1 54 4831 601.2 7.093 0.124 
100 0.1 60.6 6239 1011 9.205 0.162 
100 0.1 67.7 9247 2586 15.62 0.28 
100 0.1 74.5 10910 1216 6.361 0.111 
100 0.1 78 12310 1254 5.816 0.102 
10 20 30 40 50 60 70 80
T [°C]
100
1000
10000
100000
G
'
[P
a]
,G
"
[P
a]
5
10
15
20
25
Ì
[°
]
35% Sp- P and no sucrose 2
G' = f (T)
G" = f (T)
Ì = f (T)
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Appendix 33 One-way ANOVA analysis of the gel strength of threadfin bream surimi with 
added Sp-P (5-35%) 
 
N Mean 
Std. 
Deviation 
Std. 
Error 
95% Confidence 
Interval for Mean Minimum Maximum% Sp-P 
Lower 
Bound
Upper 
Bound 
Lower 
Bound 
Upper 
Bound 
Lower 
Bound 
Upper 
Bound 
Lower 
Bound 
Upper 
Bound 
5.00 5 11.5502 .73659 .32941 10.6356 12.4648 10.42 12.30
10.00 5 11.8467 1.43269 .64072 10.0678 13.6256 10.26 13.97
20.00 5 17.9895 .73179 .32727 17.0808 18.8981 16.98 18.82
35.00 5 26.6061 2.67758 1.19745 23.2815 29.9308 23.79 30.76
Force 
(g) 
Total 20 16.9981 6.44312 1.44073 13.9827 20.0136 10.26 30.76
5.00 5 1.5745 .23417 .10472 1.2837 1.8653 1.37 1.96
10.00 5 1.9435 .43575 .19487 1.4024 2.4846 1.36 2.42
20.00 5 2.6100 .36625 .16379 2.1552 3.0648 2.11 3.06
35.00 5 3.2990 .31480 .14078 2.9081 3.6899 2.78 3.59
Deformation
(mm) 
Total 20 2.3568 .74640 .16690 2.0074 2.7061 1.36 3.59
5.00 5 18.0834 1.88316 .84218 15.7451 20.4216 16.25 20.43
10.00 5 23.2830 7.21722 3.22764 14.3217 32.2444 15.28 33.83
20.00 5 47.1447 8.24384 3.68676 36.9086 57.3808 35.82 56.70
35.00 5 88.3174 16.25679 7.27026 68.1320 108.5029 66.07 110.49
GS (g.mm) 
Total 20 44.2071 29.84575 6.67371 30.2389 58.1754 15.28 110.49
ANOVA 
 
Sum of 
Squares df Mean Square F Sig. 
Force 
(g) 
Between 
Groups 747.562 3 249.187 96.771 .000 
Within 
Groups 41.200 16 2.575 
Total 788.763 19 
Deformation 
(mm) 
Between 
Groups 8.673 3 2.891 24.196 .000 
Within 
Groups 1.912 16 .119 
Total 10.585 19 
GS (g.mm) Between 
Groups 15373.090 3 5124.363 52.845 .000 
Within 
Groups 1551.515 16 96.970 
Total 16924.605 19 
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Appendix 33 One-way ANOVA analysis of the gel strength of threadfin bream surimi with 
added Sp-P (5-35%)… Continued 
 
Multiple Comparisons 
 
Dependent 
Variable 
(I) 
treatmen
t
(J) 
treatment 
Mean Difference 
(I-J) Std. Error Sig. 
95% Confidence 
Interval 
Lower Bound 
Upper 
Bound 
Lower 
Bound 
Upper 
Bound 
Lower 
Bound 
Force (g) LSD 5.00 10.00 -.29648 1.01489 .774 -2.4480 1.8550
20.00 -6.43922(*) 1.01489 .000 -8.5907 -4.2877
35.00 -15.05587(*) 1.01489 .000 -17.2073 -12.9044
10.00 5.00 .29648 1.01489 .774 -1.8550 2.4480
20.00 -6.14273(*) 1.01489 .000 -8.2942 -3.9913
35.00 -14.75938(*) 1.01489 .000 -16.9109 -12.6079
20.00 5.00 6.43922(*) 1.01489 .000 4.2877 8.5907
10.00 6.14273(*) 1.01489 .000 3.9913 8.2942
35.00 -8.61665(*) 1.01489 .000 -10.7681 -6.4652
35.00 5.00 15.05587(*) 1.01489 .000 12.9044 17.2073
10.00 14.75938(*) 1.01489 .000 12.6079 16.9109
20.00 8.61665(*) 1.01489 .000 6.4652 10.7681
Deformation 
(mm) 
LSD 5.00 10.00 -.36900 .21862 .111 -.8325 .0945
20.00 -1.03550(*) .21862 .000 -1.4990 -.5720
35.00 -1.72450(*) .21862 .000 -2.1880 -1.2610
10.00 5.00 .36900 .21862 .111 -.0945 .8325
20.00 -.66650(*) .21862 .008 -1.1300 -.2030
35.00 -1.35550(*) .21862 .000 -1.8190 -.8920
20.00 5.00 1.03550(*) .21862 .000 .5720 1.4990
10.00 .66650(*) .21862 .008 .2030 1.1300
35.00 -.68900(*) .21862 .006 -1.1525 -.2255
35.00 5.00 1.72450(*) .21862 .000 1.2610 2.1880
10.00 1.35550(*) .21862 .000 .8920 1.8190
20.00 .68900(*) .21862 .006 .2255 1.1525
GS (g.mm) LSD 5.00 10.00 -5.19965 6.22799 .416 -18.4024 8.0031
20.00 -29.06136(*) 6.22799 .000 -42.2641 -15.8586
35.00 -70.23407(*) 6.22799 .000 -83.4368 -57.0313
10.00 5.00 5.19965 6.22799 .416 -8.0031 18.4024
20.00 -23.86170(*) 6.22799 .001 -37.0645 -10.6590
35.00 -65.03442(*) 6.22799 .000 -78.2372 -51.8317
20.00 5.00 29.06136(*) 6.22799 .000 15.8586 42.2641
10.00 23.86170(*) 6.22799 .001 10.6590 37.0645
35.00 -41.17272(*) 6.22799 .000 -54.3755 -27.9700
35.00 5.00 70.23407(*) 6.22799 .000 57.0313 83.4368
10.00 65.03442(*) 6.22799 .000 51.8317 78.2372
20.00 41.17272(*) 6.22799 .000 27.9700 54.3755
* The mean difference is significant at the .05 level. 
 
